Journal 


of the 


CHEMISTRY LIBRAR 


Indian Chemical Society 


August, 1960 


Vol. XXXVII 


Published by the Indian Chemical Society 
92, Acharya Prafulla Chandra Road, Calcutta-9. 


A 
De 
ae 
q 
1994 
. &§ ‘ 
No. 8 
4 


“SIGCOL”’ 


LABORATORY GLASSWARE 
Made of 


BOROSILICATE GLASS HAVING HIGH SILICA 


ENSURES RESISTANCE TO THERMAL 
SHOCK AND CHEMICAL STABILITY 


SARTORIUS 
“SELECTA” BALANCES 
Micro and Projection Types 


CARL-ZEISS 
REFRACTOMETERS 
SPECTROPHOTOMETERS 
STEREO-MICROSCOPES 


MUIRHEAD 
POTENTIOMETER 


TRIANGULAR BEAM 


CIRCULAR ARRESTMENT 
ANALYTICAL BALANCE 
Capacity : 200 Gms. 
SENSITIVITY ; x Mgm. 


5 Divisions throw of pointer for 
addition of | Mgm. 


CARL-ZEISS 


HAND SPECTROSCOPES 4] 

POLARISING MICROSCOPES 

METAL MICROSCOPES 
POLARIMETERS 

MICRO-PHOTO CAMERAS 


LEYBOLD’S 
~VACUUM PUMPS 


HEREAUS OVENS 
JULIUS PETER - BOMB 


CALORIMETER 


HOPPLER VISCOMETERS 


Distributors : 


AND LOW ALKALI CONTENT WHICH 

x 

: ADAIR, DUTT & Co. (INDIA) PRIVATE Ltd. 

CALCUTTA MADRAS BOMBAY NEW DELHI 


| 


J.L.C.S., August, 1960. 


FOR THE STUDY AND EXPERIMENTS IN 
RADIOCHEMISTRY IN INDIA 


NUCLEAR-CHICAGO 


Now offers you this complete system 
for effectively presenting fundamental of 
Radiochemistry in the class room and 
performing Radiochemical experiments in 
the laboratory. The system provides a 
sensitive Mica-end window counter with 
mount and sample changer, Precision de- 
cade scaler and timer. The Package in- 
cludes new Radionuclide set with eight 
AEC Licence exempt Radioactive solutions, Pipette, Syringe, Sample Pans 
and Instruction Manual. 


Please write for the Brochure which contains information on Nuclear courses 
and experiments that can be performed with these instruments. 


Sole Distributors: 


THE SCIENTIFIC INSTRUMENT COMPANY 
LIMITED 


Allahabad, Bombay, Calcutta, Madras, New Delhi 


mn; COMPLETE NEW PACKAGE 
a 
| 
@ 
rn 1g 
+4, 
1 
> 
1 
n 


PAT11259A 


HETEROCYCLIC 


Alan R. Katritzky and Jeanne M. Lagowski 


Foreword by Sir Alexander Todd, F.R.S. 


Heterocyclic chemistry is extremely important from both a theo- 
retical and a practical point of view. Here for the first time is a 
one-volume treatment of the subject which rationalises the 
multitudinous reactions and methods of preparation. Written in 
a condensed but clear style, and illustrated by nearly 2500 
formulae, this book contains all the basic heterocyclic chemistry 
required by the honours student and will be valuable to those 
engaged in research. The treatment is logical throughout and 


frequent cross-references are used to avoid repetition. 
English price 21s 


Dr. Katritzky is University Demonstrator in Chemistry and Fellow of Churchill 
College, Cambridge, and Dr. Lagowski is a Postdoctoral Research Fellow in the 


University of Cambridge. 


METHUEN. 


36 Essex Street, London WC2 
distributed in India by 


ASIA PUBLISHING HOUSE 


Contractor Building, Nicol Road, Ballard Estate, Bombay 1 


‘a 


JOURNAL OF THE INDIAN CHEMICAL SOCIETY 


AUGUST, 1960 


Contents 


89. The course of cyclisation of «-benzylhomophthalic acids. Part II. A synthesis of 


indeno-(3':2'-3:4)isocoumarin.—By J. N. Chatterjea and H. Mukherjee 


90. Distribution of two ions between ion exchanger and solution.—By L . Pochhali 


. NH,*, Mg** and Ba?* activities in colloidal clays in relation to the concentration of 
the dispersed phase —By Amalesh Chatterjee ‘a 


. 13-Pr iols and their —By Vimal S. and 
. V. Bhide 


. Astudy of Ca-K ion exchange cui with the help of of membrane electrodes.— 
By Saroj Kumar 


. Fries rearrangement of esters of Kumuda C. Amin 


and G. C. Amin 


95. Beryllium fluorides. Part III. of fluoride. 


Kumar Sengupta 


. Complex compounds of beryllium with itn aid By toy Abraham 
and S. N. Srivastava ; 


. Possible antituberculous compounds. Part IX. wuererat of eee and 
benzyl derivatives of S. Misra and 
Md. Imtiaz Husain 


. Oxidation of aromatic thiocarbamides: The 
hydrobromide.—By K. S. Suresh ie 


. Search for new filaricides.—By A. B. Sen and Kirpa Shankar - oe 


. Heterocyclic compounds. Part XXXV. Kostanecki acetylation of methyl 2:4-dihy- 
_ and benzoates. R. D. Desai, B. M. Desai 


. A Study of optimum conditions in the synthesis of 2':3: Serene and 
2':4:4'-trihydroxy-3-methoxychalkone.—By Durga Nath Dhar . 


. Guanylalkylureas and their metallic complexes. Part IV. sunset constants - 
copper and nickel complexes.—By R. L. Dutta 


. Kostanecki-Robinson acylation of and 
D. N. Shah and S. J. Contractor : 


. Cellulose ion-exchange resins for purification and ar wre of proteins. Part III. 
Fractionation of chick hemoglobin on B. N. 
Misra and P. K. Choudhury 


. isoQuinoline derivatives. Part VII—By T. N. Kumar 
and Bhabatosh Bhattacharya. . 


Obituary 


457 
92 
461 
93 
465 
94 
469 
473 
% 
477 
97 
479 
481 
99 
483 
100 488 
101 | 
491 
496 
103 
499 
104 
505 
105 
507 
512 


the 
Information for Authors che 
) |. All papers intended for publication in the Journal of the Indian Chemical Society should be addressed J 
to the Hony. Secretary, Indian Chemical Society, 92, Acharya Prafulla Chandra Road, Calcutta-9. Sec 
td 2. A paper will not normally be considered for publication in the journal unless at least one of the author 
. or authors is (are) either a Fellow or Associate member of the Society. beg 
7 < 3. Communications which have appeared in any other journal shall not be published in this Journal unless ont 
this course is specially approved by the Council. the 
Ta 4. Normally an article or original paper should not exceed 15 foolscap pages. All papers should be 
ae submitted in duplicate in typescript with double line and marginal spacings. Tables and foot notes add 
considerably to the cost of printing ; authors are requested therefore not to use them unless necessary. 
is 5. All papers should be carefully revised and should be absolutely in final form of printing. Positions 
for text-figures should be indicated. Authors are particularly requested to verify references. Authors are =— 
solely responsible for the factual accuracy of their papers. 
me 6. Authors should note that the communications are meant for specialists in that field. Extensive review 
i of literature should be avoided. Well-known or previously published procedures followed in the experimental 
* work should only be designated or referred to. 
a 7. Periods of time (unless fractional) and quantities of material should be written in numerals. For 
economy the abbreviations, cm, c.c., g., m.p., b.p., f.p., calc., exp., Fig., etc., should be used. 
8. Authors are requested to enclose line drawings of the diagrams in their papers drawn in India ink on 
| smooth white Bristol board. The drawings should be twice the size they will occupy in the Journal. Authors 
% are particularly requested to reduce the number of diagrams and‘formule to an absolute minimum. Organic 
+, structural formule should be arranged to fill the space economically and arrows should be used horizontally or 
‘< vertically, not diagonally, whenver possible. 
9. The reference to literature should be given in brackets in the text and not as a foot-note or at the 
end and should conform to the normal usages of the Journal as regards order and punctuations, and to the ' 
abbreviations as given by Chemical Abstracts in its “List of Periodicals Abstracted”. Thus, Name or names 
of authors, Name of Journal (abbreviated, with a single underline ; year of publication; number of volume 
(double underline) and lastly page, e.g., Karrer and Schlieutz, Helv. Chim. Acta, 1934, 17, 7. 
s 
. The words and lines that will appear in italics in print should be underlined. 
10. Authors are expected to be familiar with the normal rules of nomenclature but in case of doubt may 
i refer to “Modern Chemical Nomenclature (Smith, J. Chem. Soc., 1936, 1067). 
fa 11. New compounds should be indicated by underlining the name at its first mention (excluding Headings) 
in the experimental section and by giving analytical results in the form: “(Found:————; ——. 
| — requires———-%)""._ Anallytical results for compounds which have been previously known should be 
given in the form: ‘(Found :-———; ———. Calc. for ———-; ———; ———-%)”. 


12. Every p ser must be accompanied by a short abstract giving briefly the objects of the investigation, 
the results obtained snd their bearing on chemical knowledge in general. It should be such as to enable any 
chemist to obtain a clear idea of the investigation and normally should not exceed 250 words. . 


13. The address to which the proofs are to be sent should be written on every paper. One slip-proof or 
if possible a page-proof will be sent to authors, which should be returned within a week to the Hony. 
Secretary, failing which it will be directly printed. 

14. Authors will get 50 copies of reprints free of charge and extra 25 copies on payment of Re. |/- per 


page. Extra copies of reprints over 75 copies will be charged at Rs. 5/- per page. Cost of paper and binding, 
extra. If extra copies are required, the author should intimate the Hony. Secretary, at the time of returning 


the corrected proofs. 
15. Notes will be given priority in publication. 


Science Emporium 


Specialist in Manufacturing of all kinds of Scientific Lamp, blown Glass Apparatus from 
“PYREX” and other “HEAT-RESISTANCE” Glass as per any Specification. 
39/3, CANAL WEST ROAD, CALCUTTA-4. 


ressed 
author 
tld be 
; add 
sitions 
eview 
nental 
For 
thors 
ganic 
lly or 

» the 
ames 
lume 
may 
ings) 
d be 


J.1.C.S., August, 1960. 


MADE IN INDIA 


VERY RELIABLE INDIGENOUS SUBSTITUTES | HIGH VACUUM ROTARY PUNP 
MAY BE FOUND IN Single St & Two St 


“BASYNTH” With or Without Air Ballast 


Brand 
aa All Indian Materials and Construction 
Acid Hydrochloric 
Acid Hydrochloric Fuming 

Acid Sulphuric 
Acid Nitric 
Acid Nitric Fuming 
Acid Acetic Glacial 
Ammonium Hydroxide 

Benzene 

Toluene 

Xylene 

Petroleum Ether 
Amy! Alcohol 
Buty! Alcohol Etc., Etc. 


BASIC & SYNTHETIC CHEMICALS, private tro BASIC & SYNTHETIC CHEMICALS PRIVATE LIMITED 
P.O. Jadavpur University, Calcutta-32 


P. O. Jadavpur College, Calcutta-32 


* FOR YOUR REQUIREMENTS 
. OF ALL KINDS OF EQUIPMENTS FOR RESEARCH * 


RAJ-DER-KAR & CO., 


SADHANA RAYON HOUSE, Dr. D. NAOROJI ROAD, BOMBAY-1 
Branch Office : 
44/6, Regal Building, Connaught Place, New Delhi. 


TeLerHone : 26-2304 
TELEGRAM : TECHLAB 


A few of our Agencies: 


* LUDWIG SEIBOLD, Austria, 
For pH Testers, Titrators 


* W. A. TAYLOR & CO., U.S. A., 
For pH Comparators, Indicators, 


and Recorders, etc. Water Analysers, etc. 
EASTMAN KODAK, U.S. A., * TRACERLAB Inc., U.S. A., 
For All Sorts of Complex For Radiochemicals & Equipments 


Organic Chemicals. for Nuclear Research. 


‘ 
“i 
x I 
<a 
— 
I 


iP 


TED 


nts 


J. LC.S., August, 1960. 


For Laboratory Reagent Quality Acids 


To Precise Specifications 


Acid Sulphuric Acid Nitric Acid Hydrochloric 
H,SO, : 98% w/w HNO;: 69.8% HCI:35.4% w/w 
Maximum Limits of Impurities : 
Sp. gr. 1.840 at 15°. Sp. gr. 1.420 at 15°. Sp. gr. 1.180 at 15°. 
Non-Volatile Matter : 0.0025% 0.01% 0.001% 
Chloride (C1) : 0.0002% 0.00007% — 
Free Chlorine (C1) : 0.0002% 
Nitrate (NO;) : 0.00002%, 
Sulphate (SO,) : _ 0.0003%, 0.0003% 
Heavy Metals (Pb) : 0.0002% 0.0002% 0.0002% 
Iron (Fe) : 0.0001% 0.0001% 0.0001% 
Arsenic (As) : 0.1 part 0.02 part 0.04 part 
per million per million per million 
Ammonium (NH,) : 0.0005% 
Selenium (Se) : 0.001% _ — 
Oxygen Absorbed (0): 0.00015% _ — 
We invite orders and enquiries. 
Write us about your requirements 
for other reagent quality chemicals. 


Bengal Chemical & Pharmaceutical Works, Ltd. 


CALCUTTA $3 BOMBAY $3 KANPUR 
Office: 6, Ganesh Chunder Avenue, Calcutta-13 


. 
es 
vii 
| 
bey 


vil J. 1. C. S., August, 1°60, 


ZEISS 2-METRE PLANE GRATING 
SPECTROGRAPH 


| 
' 


1. Automatic Casette Adjustment with Adjustable Transport steps 
from 1 to 12 mm. 


2. Focussing through Shift of Slit. Compensation of Spectral Lines | 
Inclination through Rotation of the Slit. | | 


3. Electromagnetic Shutter. | 
4. Attachability of Time Switching Devices. 


CARLZEISS]) veB CARL ZEISS sena 


J ENA (GERMAN DEMOCRATIC REPUBLIC ) 


Scle Agents: 


GORDHANDAS DESAI PRIVATE LIMITED © 


PHEROZESHAH MEHTA ROAD, BOMBAY-1. 


it: 

Branches: . de 

P-7, MISSION ROW EXTENSION 4/2B, ASAF ALI ROAD. 22, LINGHI CHETTY STREET di 

CALCUTTA-1. NEW DELHI. MADRAS-1. 


— TI 


| 
| 
| 
” 
wy 7 f 
} 
} 


[Jour. Indian Chem. Soc., Vol. 37, No. 8, 1960] 


THE COURSE OF CYCLISATION OF «-BENZYLHOMOPHTHALIC ACIDS. 
PART II. A SYNTHESIS OF INDENO-(3’:2'-3:4)isoCOUMARIN 


By J. N. CHATTERJEA AND H. MUKHERJEE 


Cyclisation of several substituted benzylhomophthalic acids led only to indeno-(3’:2'-3:4)isocoumarins. A synthesis 
of indeno-(3’:2'-3:4)isocoumarin is described. Several reactions of the isocoumarin have been studied including its 
conversion into isobenzopyrylium salts. 


In the previous communication it has been shown that the cyclisations of «-benzylhomoph- 
thalic acids («-o-carboxyphenyl-phenylpropionic acids) lead either to a seven-membered ring 
ketone or to an indeno-(3’:2’-3:4)isocoumarin or to a mixture of the both (Chatterjea and Mukher- 
jee, this Journal, 1960, 37, 379). We have now studied the cyclisations in several other cases {1-V1) 
by varying substituents in either of the rings. In all the cases, now studied, the formation of the 
indenoisocoumarin resulted, showing that the five-membered ring ketone was formed in preference 
to a seven-membered one. Therefore the formation of dibenzotropone derivatives by the cyclisation 
of 3:4-dimethoxybenzyl- or 3:4-diethoxybenzyl-homophthalic acid is an exception to the above 
generalisation. 


COOH 
‘on 
1 
LR’ 
COOH 
(VII) 
(I) (IV). R=Me; 
(I I) R’=Cl R=R’=R’’=H. (V) R =R’=R”"=H; R’’=Me. 


(III) R’=OMe; R=R’=R"’=H. (VI) 


An unequivocal synthesis of the indenoisocoumarin (VII : R=R’=R"=R’’=H) establishes 
its structure. The synthesis started from phthalaldehydic acid which could not, however, be con- 
densed with homophthalic anhydride by the Perkin synthesis. On the Stobbe condensation with 
diethyl homophthalate, the half-ester (VIII : R = Et) was readily obtained, which was directly 
hydrolysed to the acid (VIII: R=H). This acid, best purified by way of its anhydride (by treat- 
ment with acetic anhydride), was reduced with sodium amalgam to the tricarboxylic acid (IX). 
This on boiling with acetic anhydride afforded a quantitative yield of indeno-(3’:2'-3:4)isocoumarin- 


2 


1960, 
J . 
| | 

| 

| 

} 

| 

| 

| 

| 

| 

i 


COOH COOH 


7 “~~ Rooc— JN A 
doon 


CH = \G YW CH 
COOH COOH 
(VIII) (x) 
(VII: R=R’=R”=R’"=H) 
The dicarboxylic acid (X) was similarly obtained from phthalaldehydic acid and ethy| 
phenylacetate. Although this acid could not so far be cyclised by polyphosphoric acid to a seven- 
membered ketone (cf. Part I, loc. cit.), it readily afforded 2-phenylindan-l-one on boiling with 


acetic anhydride, and thus validating the synthesis of the indenoisocoumarin, mentioned above. 
The UV absorption spectra of a few indenoisocoumarins are recorded in Fig. 1. 
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360 


1, Indeno-(3’:2'-3:4)isocoumarin. 
—— —— 4’:7'-Dimethylindeno-(3’ :2'-3:4)isocoumarin. 

Indenoisocoumarin readily reacted with two moles of Grignard’s reagent (methylmagnesium 
iodide or phenylmagnesium bromide) to furnish excellent yields of indeno-(3':2'-3:4)isochromenes 
(XI: R = Me or Ph) (cf. Colonge and Boisde, Bull. Soc. Chim., 1956, 1337). On treatment with 
one mole of phenylmagnesium bromide the related carbinol base became isolable; this on treatment 
with perchloric acid yielded the isobenzopyrylium perchlorate (XIII) (cf. Shriner et al., J. Org. 
Chem.. 1948, 13, 477). On reduction with lithium aluminium hydride the isocoumarin afforded 
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the isochromene (XI : R=H) directly (cf. Chatterjea, Chem. Ber., 1958, 91, 2636). This compound 
provided the pyrylium salt (XIV) on treatment with triphenylmethyl perchlorate. The UV 
absorption spectra of the isochromenes are recorded in Fig. 2. 
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Reduction of the indenoisocoumarin (VII: R=R’=R"= R’’=H) with sodium borohydride in 
absolute methanol afforded a diol. The analysis fits C,sH,,O.. The compound has weak absorp- 
tion in the ultraviolet and is identified as (XII). This structure is confirmed as the compound 
is also formed by the lithium aluminium hydride reduction of 2-0-carboxyphenylindan-|-one. 


*EXPERIMENTAL 


Synthesis of 4-Methylhomophthalic Acid—This acid was prepared from 6-methylindan-|- one 
by the standard procedure. The ketone was prepared according to Miller and Rhode (Ber., 1890, 
23, 1898). The phenylsemicarbazone crystallised from ethanol in yellowish white, woolly 
needles, m.p. 225°. 

To a solution of the indanone (2 g.) in ethanol (12 c.c.) was added amyl nitrite (4 g.) and HCl 
(conc., 0.5 c.c.). The mixture was maintained at 40-50° for 20 minutes when 2-oximino-6- 
methylindan-|-one separated (1.7 g.). This crystallised from ethanol in colorless plates, m.p. 
217°. (Found: C, 68.3; H, 4.7. CyoHyO.N requires C, 68.6; H, 5.2%). 

p-Toluenesulphonyl chloride (3 g.) was added to the yellow solution of the aforementioned 
oximino compound (2 g.) in 10% aqueous NaOH (21 c.c.) and the mixture heated to 100° in the 
course of 10 minutes with agitation, and then kept at that temperature for further 10 minutes. 
The cooled solution was treated with charcoal, filtered and acidified with HCl, yielding p-tolylace- 
tonitrile-5-carboxylic acid (1 g.), which crystallised from water as yellowish white needles, m.p. 
208°. (Found: C, 69.0; H, 5.4. CypH,O.N requires C, 68.6; H, 5.2%). 

Hydrolysis of this nitrile (6 g.) was effected by boiling with 20% aqueous NaOH (60 c.c.) for 
14 hours. Acidification with 33% H,SO, afforded 4-methylhomophthalic acid (3.5 g.) crystalli- 
sing from water in colorless prisms, m.p. 213°. (Found: C, 62.2; H, 5.4. CyoHyoOq requires 
C, 61.9; H, 6.3%).  Esterification with dry methanol and sulphuric acid in the usual manner 
yielded the dimethyl ester, b.p. 155-60°/160 mm. (Found: C, 65.2 ; H, 6.6. C,,H,,O, requires C, 
64.9 ; H, 6.3%). 

a-3-Methylbenzylidenehomophthalic Acid—A mixture of m-methylbenzaldehyde (4 g.), 
homophthalic acid (6 g.), fused sodium acetate (2.7 g.), and acetic anhydride (10 c.c.) was heated 
in an oil bath at 150° for 4 hours. The mixture was cooled, decomposed with water and heated 
with dilute NaOH solution (50 c.c., 10%) on the steam bath for | hour until all soluble matter 
went into solution. The mixture was then filtered from the insoluble residue, cooled and acidified. 
The acid crystallised from acetic acid in colorless prisms, m.p. 210° with previous sintering due to 
anhydrides formation. (Found : C,-72.5; H, 5.2. C,,H,,O, requires C, 72.3; H, 5.0%). The 
properties and analyses of other «-benzylidenehomophthalic acids are recorded in Table I. 


TABLE I 
a-Benzylidenehomophthalic acids. 

Rack Che 
1. a-3-Chlorobenzylidene- 203° Colorless prisms  C,H,,0,Cl 35% 
2. 215-16° De ws 085 
3. 231-32° Yellowish plates 725 723 
209° Colorless plates 723 


* All m.p.’s are uncorrected. The absorption spectra were measured in a Beckman quartz spectrophotometer, 
D.U. model. 
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a-3-Methylbenzylhomophthalic Acid—The foregoing acid (4 g.), dissolved in minimum 
quantity of NaOH, was treated with sodium amalgam (200 g., 2%). After 48 hours the alkaline 
solution was separated and acidified to afford the acid in colorless prisms, m.p. 184° (gas evolu- 
tion), yield quantitative. (Found: C, 71.4; H, 5.8. C,,Hj¢0, requires C, 71.8; H; 5.7%). 
The properties and analyses of other «-benzylhomophthalic acids are shown in Table II. 


TABLE II 
2-Benzylhomophthalic acids. 
Cryst. shape. 


Formula. 


1. a-3-Chlorobenzyl- 183 Creamy prisms 
2. a-3-Methoxybenzyl- 151 Colorless prisms 683 80 
3. a-4-Methylbenzyl- 175-76° Colorless plates C: 72.0 71.8 
H: 5.8 5.7 
4. a-Benzyl-4-methyl- 188-89° Do C: 72.0 71.8 
H: 5.9 5.7 
5. a-Veratryl-4: 5-dimethoxy- 194.95: Do 61.5 615 


6'-Methylindeno-(3':2'-3: 4)isocoumarin (VII: R' = Me; R= R" = R”=H).—The above 
reduced acid (0.2 g.) was heated with polyphosphoric acid (10 g.) for 12 hours at 100° when a 
brownish fluorescent solution resulted. The mixture was then poured into crushed ice and the 
precipitated solid collected, washed with dilute alkali, and crystallised from acetic acid. The com- 
pound crystallised from acetic acid in yellowish prisms, m.p. 166° (with previous sintering) raised 
to 178-79° by chromatography on alumina in benzene solution. The substance dissolves in 
H,SO, (conc.) forming a yellow solution with a brilliant green fluorescence. (Found: C, 81.8; H, 
4.7. C,sH yO, requires C, 82.2; H, 4.9%). The properties and analyses of other indeno- 
(3’:2'-3:4)isocoumarins are recorded in Table III. 


TABLE III 
Indeno-(3' :2'-3:4)isocoumarins (V11). 


Cryst. shape. Halochromy Formula. Found. Calc. 
in H,SO,. 
212° Yellowish Brilliant C,.H,O.C] C: 71.3% 71.5% 
needles 3.4 


Yellowish Do C: 775 773 
plates H: 47 46 

3. 186-87° Lemon-yellow Do C: 819 822 
woolly needles H: 47 49 

4. R=R’=R’=H, 221-22” Yellowish Do 824 822 
plates H: 50 49 

5. R=R’=R’=R'"=OMe. 241-42? Cream Deep violet 676 678 


«~o-Carboxybenzylhomophthalic Acid (VIII: R=H).—A mixture of phthalaldehydic acid 
1.5 g.) and dimethyl homophthalate (2.1 g.) was added to a solution of sodium (0.46 g.) in dry 


M Found. Cale. 
scence 
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methanol (10 c.c.) and refluxed gently for 24 hours. During this period the sodium salt of the 
half-ester separated. After removal of ethanol by distillation water was added to the solid residue 
and the unchanged material removed by extraction with ether. The aqueous layer was acidified 
with acetic acid and extracted with ether. After removal of, the ether the half-ester (VIII : R= 
Et) was obtained as an oil (2 g.), which was boiled with 10% NaOH solution (10 c.c.) for 7 minu- 
tes, and then acidified. The crystalline solid separating was best purified by converting it into the 
anhydride by boiling with acetic anhydride (2 c.c.) for 5 minutes. The anhydride (0.5 g.) of 
(VIII : R=H) was obtained as colorless needles, m.p. 188°. (Found : C, 70.1; H, 3.4. C,;Hi00; 
requires C, 69.4 ; H, 3.4%). 


This anhydride on hydrolysis with alkali, followed by acidification, afforded the corresponding 
acid, which on crystallisation from acetic acid separated as a colorless crystalline mass, m.p. 178-80" 
(with slow evolution of gas). (Found : C, 65.8; H, 3.5. C,H 20, requires C, 65.4 ; H, 3.9%). 


This acid on reduction with sodium amalgam in the usual manner furnished the colorless 
tricarboxylic acid (IX), which separated from acetic acid in colorless prisms, m.p. 195-96° (with 
evolution of gas). (Found : C, 65.2; H, 4.5. C,,H,4O. requires C, 65.0 ; H, 4.5%). 


Indeno-(3':2'-3:4)isocoumarin (VII: R=R’=R”=R”=H).—The above tricarboxylic acid 
(0.1 g.) was boiled with acetic anhydride (0.5 c.c.) for 2 minutes and then cooled. Beautiful 
cream-coloured plates of the indenoisocoumarin was obtained, m.p. 173-74°, which was identical 
with the indenoisocoumarin obtained by the double cyclisation of «-benzylhomophthalic acid 
(cf. Part I, loc. cit.). The mixed m.p. of the two samples showed no depression. (Found: C, 
82.1; H, 4.4. Cale. for oO, : C, 82.0 ; H, 4.3%). 


Condensation of Phthalaldehydic Acid with Ethyl Phenylacetate—A mixture of purified phthal- 
aldehydic acid (1.5 g.) and ethyl phenylacetate (1.64 g.) was added to a solution of sodium (0.4 g.) 
in dry methanol (10 c.c.), and the mixture refluxed for 24 hours. After removal of methanol by 
distillation from the resultant orange-red solution, the solid cake left was dissolved in water and 
extracted with ether to remove the unchanged material. The aqueous extract was boiled with 10% 
NaOH solution (10 c.c.) for 4 hour, acidified and then boiled further for 15 minutes. The 
mixture was cooled in an ice bath when a semisolid mass containing orange needles of the anhy- 
dride of «-o-carboxybenzylidenephenylacetic acid and the corresponding acid was obtained. The 
former (0.2 g.), separated by sodium bicarbonate solution, crystallised from acetic acid in orange 
needles, m.p. 255°. (Found: C, 77.1; H, 3.8. C,gHioO; requires C, 76.7; H, 4.0%). From 
the anhydride the corresponding acid was prepared in the usual manner by hydrolysis with alkali. 
The compound crystallised from ethanol in colorless prisms, m.p. 185°. (Found : C, 71.9; H, 4.4. 
requires C, 71.6; H, 4.5%). 


For the preparation of the reduced acid (X ; |-phenyl-2-0-carboxyphenylpropionic acid), the 
entire semisolid mass, mentioned above, was dissolved in alkali and reduced with sodium amalgam 
(100 g., 2%). The acid (X), isolated as usual, solidified after a long time and was obtained from 
acetic acid in colorless prismatic needles, m.p. 193°. (Found : C, 70.8; H, 5.1. C,H, 4O, requires 
C, 71.1; H, 5.2%). 


The dianilide, prepared through the acid chloride, crystallised from acetic acid in silky plates, 
m.p. 199°. (Found : C, 79.6; H, 5.9; N, 6.8. C.sH,,O.N, requires C, 80.0 ; H, 5.9; N, 6.7%). 
2-Phenylindan-\-one-—The acid (X) (0.1 g.) was boiled with acetic anhydride (0.2 c.c.) for 
3 minutes. On isolation 2-phenylindan-l-one was obtained, identified through the 2: 4-dintro- 
phenylhydrazone ; m.p. and mixed m.p., 217-18°. 
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Indeno-{3' : 2'-3 : 4)-1:|-dimethylisochromene (XI : R=Me). — A solution of indeno-(3’:2'-3 : 4)- 
isocoumarin (0.5 g.) in benzene (4 c.c.) was added to an excess of MeMgl (ca. 3 moles) in ether 
and refluxed for 4 hours, when a darkish solution was obtained. The solution was decomiposed 
with HCl (dil.) and the ethereal layer on working up afforded a crystalline solid of the isochromene, 
which was very soluble in benzene but crystallised from ethanol in a colorless mass (0.31 g.), m.p. 
91°. It develops a bluish colour with H,SO, (conc.). (Found: C, 87.7; H, 6.5. C,sH,O 
requires C, 87.1; H, 6.5%). A, 238 (loge 4.12), 240 (loge 4.12), 266 (loge 3.57), 296 (loge 3.76) 
and 344 mu (loge 4.31). 


Indeno-(3':2'-3:4)-| : \-diphenylisochromene (XI: R=Ph) was prepared exactly as above, 
employing the indenoisocoumarin (0.5 g.). The gummy magnesium salt separating furnished, on 
working up, a sticky material, which exhibited a green fluorescence in benzene solution. For puri- 
fication this was chromatographed in benzene solution on alumina. The light yellowish band 
was eluted with benzene. After removal of the solvent the residue crystallised from a large 
volume of ethanol. The isochromene was obtained in cream-coloured plates (0.5 g.), m.p. 193°. 
(Found : C, 90.0; H, 5.5. CzsHaoO requires C, 90.3 ; H, 5.4%). 


Indeno-(3':2'-3:4)iscchromene (X11: R= — To a suspension of the indenoisocoumarin 
(0.1 g.) in ether (80 c.c.) an excess of LiAIH, (0.1 g.) was added when a colorless complex separated. 
This was decomposed after 30 minutes with H,SO, (dil.). The reduced material was obtained 
as a glassy mass which was dissolved in benzene and left overnight in a refrigerator. A small 
quantity of an unidentified material (ca. 2 mg., m.p. 140°) was separated by filtration and the fil- 
trate concentrated, dissolved in methanol (2 c.c.), and left in the refrigerator. Colorless prisms 
of the isochromene (0.06 g.) that separated was collected and recrystallised from methanol, m.p. 
103-104°, exhibiting a green coloration with H,SO,, turning fluorescent green after some time. 
The compound does not contain any active hydrogen. As, 240 (loge 4.17), 280 (loge 3.37) 
and 336 my (loge 4.32). (Found : C, 87.5; H, 5.2. Cy,gH,sO requires C, 87.2 ; H, 5.5%). 


Indeno-(3' : 2'-3 : 4)isobenzopyrylium perchlorate (cf. Bonthrone and Reid, J. Chem. Soc., 
1959, 2773).—A solution of the foregoing isochromene (30 mg.) in glacial acetic acid (1.5 c.c.) was 
boiled with triphenylmethyl perchlorate (0.05 g.) for 2 minutes and the resulting yellowish brown 
solution was filtered. The pyrylium salt separated from the filtrate in brownish yellow crystalline 
needles, m.p. 197-99° (decomp.). The compound deteriorated appreciably on recrystallisation 
and was not analysed due to paucity of the material. 


Indeno-(3' :.2'-3 : 4)-phenylisobenzopyrylium Perchlorate—Phenylmagnesium bromide, derived 
from magnesium (0.04 g.) and bromobenzene (0.23 g.), in ether (10 c.c.) was added to a solution of 
indenoisocoumarin (0.3 g.) in benzene (5 c.c.), and the mixture left overnight. The sticky yellow 
complex formed was decomposed with ammonium chloride solution (10 c.c., 20%) and the ether- 
eal layer containing the carbinol was washed with water, dried (MgSO,), and the solvent removed 
on a water bath. The gummy residue was treated with a solution of 60% perchloric acid 
(0.5 c.c.) in acetic anhydride (1 c.c.) with stirring and then dry ether (5.c.c.) was added to the red- 
dish solution. The pyrylium salt (0.14 g.) separated in orange-red leaflets, m.p. 245-46° 
(decomp.). (Found : C, 66.4; H, 3.9. Cj oH,,0,Cl requires C, 66.9 ; H, 3.8%). 


2-0-Hydroxymethylphenylindan-\-ol (X11)—A suspension of indenoisocoumarin (0.1 g.) in 
methanol (4 c.c.) was treated with an excess of sodium borohydride (0.3 g.) at the room tempera- 
ture and the mixture left overnight. After removal of methanol by distillation, the solid residue was 
treated with dilute acetic acid, and the resulting gummy material was crystallised from benzene. 
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The diol (0.05 g.) separated in colorless prisms, m.p. 132°, raised to 139-40° on recrystallisa- 
tion. The compound slowly dissolves in H,SO, forming a greenish solution. (Found : C, 80.7 . 
H, 6.6. CygH,,0, requires C, 80.0 ; H, 6.7%). 


A solution of 2-0-carboxyphenylindan-l-one (0.1 g.; cf. Part I, loc. cit.) was reduced with 
LiAlH, in ethereal solution. There was no separation of any metal complex. On working up, 
the product (0.08 g.) crystallised from benzene in colorless prisms ; m.p. and mixed m.p. 139-40°. 


One of the authors (H.M.) wishes to thank the authorities of the Patna University for provision 
of a research scholarship. Thanks are also due to Mr. A. K. Mitra for carrying out some 
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DISTRIBUTION OF TWO IONS BETWEEN ION EXCHANGER AND SOLUTION 
BY L. POCHHALI 


How the distribution of two exchangeable ions between an ion exchanger and the external solution depends upon the 
concentration ratio of the two ions in the solution, at some constant total concentration, has been shown. A relation, 
(A/B)r = a [(A/B)s}" gives the distribution, (A/B)r being the ratio of equivalents of two ions in the resin, (A/B)s, the ratio 
of concentrations in the solution, and ‘a’ and ‘n’, constants for a particular pair of ions in case of a particular ion-exchange 
resin. This is applicable both to cation exchange as well as anion exchange. 


When an ion exchanger containing a particular exchangeable ion, A, is allowed to come to 
equilibrium with a solution of another ion, B, the two ions are distributed between the exchanger 
and the solution. This distribution may be characterised by what is known as the selectivity 
coefhicient, the quotient of the ratios of the equivalents of the two ions in the exchanger and in the 
solution : 


= 


If this selectivity coefficient, Ky , comes out to be equal to I, the exchanger has no preference for 
either of the ions, A or B. If the exchanger be selective for B, kt > | and if selective for A, 
ke < 1. Uptil now there is no completely satisfactory theory, which can fully explain why in a 
* given case an exchanger shows preference for one ion to another. This distribution of ions is 
dependent on various factors, e.g., nature of the exchanger, nature of the exchangeable ions, total 
concentration as well as concentration ratio of the exchangeable ions, temperature, etc. (Deuel 
and Hutschneker, Chimica, 1955, 9, 49). ° 


Mookerjee and Mukherjee (J. Indian Soc. Soil Sci., 1954, 2, 29) have shown that a relation 
(B/A)s = ® [(B/A)p]*, where 8 and « are constants, applies well to the experimental data in the case 
of some clays. When both ® and « are unity, the clay has no preference for either of the ions 
B or A; but the deviation of any system from this ideal value measures the antagonistic influence 
of one ion on the other. In their work, the concentration ratio was varied, but the total concentra- 
tion was not kept constant. Here the study is extended to ion-exchange resins, both cationic as 
well as anionic; further, the total concentration of the ions in the solution has been always kept at a 
constant value. 


The object of the present paper is to show how the distribution of ions depends on the concen- 
tration ratio for some typical ordinary ions, keeping the variable, total concentration, at some 
constant value. For the ion exchangers, both cationic and anionic ion-exchange synthetic resins 
have been used. 


EXPERIMENTAL 
‘Zeokarb 225° and “‘De-acidite FF” were used as cation and anion exchangers respectively. 


“Zeokarb 225” is a mono-functional strong acid cation exchanger based on cross-linked poly- 
styrene containing the sulphonic acid group as the ionogenic group. The particles are spherical in 
shape between —16 and+50 mesh size. The moist Na-form of the resin as obtained was thoroughly 
regenerated with about 4N-HCI. The regenerated resin in its H-form was then thoroughly 
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washed with distilled water until free from chloride and acid, and then dried in air at the room tem- 
perature. From this regenerated H-form of the resin its Na-form and Ca-form were prepared by 
replacing the H* ions completely with NaC! and CaCl, solutions respectively. 


“De-Acidite FF” is also a mono-functional strong base anion exchanger, available in bead form 
between —16 and + 50 mesh size. The original moist Cl-form of the resin was first completely 
converted into its OH-form by 3% NaOH solution and then thoroughly washed with distilled 
water. The Cl-form, which was used for the experiment, was prepared from this regenerated resin 
with the help of N-HCI. 


In all the cases the resins after being thoroughly washed with distilled water and then dried 
in air at the room temperature were kept in well-stoppered bottles. 


Procedure-—Weighed quantities of the air-dried resins (~ | g.) were taken in columns and 
were leached, in case of the cation exchanger, with mixtures of chloride solutions of two cations 
other than the one present in the resin, and in case of the anion exchanger, with mixtures of 
potassium salt solutions of two anions other than the ion saturating the resins. Three different 
concentration ratios (0.2N and 0.1N, 0.15N and 0.15N, 0.1N and 0.2N) were used for the leaching, 
keeping the total concentration of the solutions constant at 0.3N. The leaching was continued 
till complete displacement of the ion originally present in the resin. The free electrolytes were 
then washed away from the resin with distilled water. In case of the cation exchangers, the two 
adsorbed cations were completely leached out with an excess of N-HCI, and estimated in the 
leachate. In case of the anion exchangers, the two adsorbed anions were leached out with N-NaOH 


_ soluion and were analysed in the leachate. 


Potassium was estimated gravimetrically by weighing as perchlorate. Ammonium was 
estimated by distilling its salt solution with NaOH, absorbing the liberated ammonia in excess of a 
standard H,SO, solution and then titrating the unchanged acid by a standard alkali solution. 
Calcium was precipitated as oxalate, and after ignition of the oxalate, it was weighed as CaO. Barium 
was estimated volumetrically by the chromate method, and magnesium gravimetrically as pyro- 
phosphate. Bromide was estimated by titrating the solution, made slightly acidic with HNOs, 
with a standard AgNO, solution using iodoeosin as indicator. Nitrate was reduced to NH; and 
then estimated after distilling it off. Sulphate was calculated as the difference between the 
total amount of anion present in the resin and that of the associated nitrate ions. The reproduci- 


bility of the analytical results was found to be within + 2%. 


The results for the cation exchanger in its H-form, Na-form and Ca-form are presented in 
Table I where ‘C’ represents the ratio of the concentrations of the ions A and B in the 


solution used for the leaching, (A/B)s, and ‘m’, the ratio of equivalents of the ions A and B adsorbed 
in the resin, (A/B)p. 


DISCUSSION 


It is observed from Table I that in no case the ions are adsorbed in the same proportion as 
these are present in the leaching solution. Further, the distribution of the two ions does not 
depend on the form of the resin. This is, of course, to be expected as finally the ion originally 
saturating the resin has been completely replaced by the two ions. In the Kt+—NH,* mixture the 
exchange of K* is increased or that of NH,* is decreased, and the extent of interaction is almost 
the same at all the three concentration ratios as is evident from the almost constant value (1.2) for 
(K+/NH,*)p/ (K*/NH,*)s. From the mixture Ca*t—NH,*, Ca?* ion highly suppresses the 
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adsorption of NH," at all the concentration ratios, the ratio of the adsorption of Ca** to that of 
NH,* being about 3 to 5 times the ratio of their concentrations in the solution. Ba*+ can suppress 
the adsorption of Ca?*, the ratio of their adsorption being about 3.5 times the ratio of their con- 
centration in the leaching solutions. In the presence of Ba®* both NH,* and Mg** behave in the 
same manner; the adsorption of both of them is highly depressed. An interesting phenomenon 
is observed in the mixtures Ca** —NH,+, Ba?+—Ca®?+ and Ba®+—Mg*+. ‘The suppressing 
effect of the more adsorbable ion on the other does not decrease with its concentration ratio, 
but rather increases. 


Na-Resin 


m/iC. logC. logm, 


120 030 038 
0.00 0.09 


0.30 
Ca*+(A) 
0.00 


0.30 
Ba*+(A) 


Ca+(B) 


Ba*+(A) 
NH,*(B) 


Ba*+(A) 
Mg*+(B) 


TABLE | 
H-Resin 
m. m/C. log C. logm. C. m. 
0.81 
0.62 
0.39 
0.84 
0.58 
0.29 
Ca-Resin 
od m. m/C. ‘logC. log m. 
20 460 73 030 1.16 
10 10.00 100 0.00 1.00 
05 585 030 077 
20 2120 106 030 1.15 
J 05 625 125 030 0.80 
20 251 1.26 030 0.40 
K+(A) 
10 
NH4(B) ‘ 
05 O61 122 030 021 
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Log m, when plotted against log C (vide Table I), gives straight lines with different slopes and 
different intercepts on the log m-axis for different pairs of ions. A typical plot is shown in Fig. |. 


Fic. 2 


FIG. | 


H-Zeo-karb 225. R-OH and R-Cl. 
K*/NHj—C, Ba*+/Ca*+—A ard Ca*+/NH,+—B. NO3/Br~—-B and NO3/SO;-—A 
The relationship between ‘m’ and ‘C’ can be mathematically expressed in the form, m=aC", 
where a and n are constants. The values of a and n for a particular pair of cations, as determined 
from the graphs, are shown in Table II for the three forms of the resin. 


TABLE II 


System. 
H-Resin : K+/NH,+ 1.2 1.0 
Ca**+ /NH,*+ 
Ba®+/Ca*+ 


Kt /NH,* 
Ca*+ /NH,* 
/Ca?+ 


1.2 
95 
9.1 


K+ /NH,* 
Ba?+ /NH,* 
Ba*+ /Mg?+ 


The deviation in values of a and n from unity shows that one ion suppresses or enhances the 
adsorption of the other ion, i.e., the resin is selective towards one of the ions. The more the devia- 
tion, larger will be the selectivity. 
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37 09 
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The behaviour of Mg?* in presence of Ba**+ is found to be more akin to the monovalent 
NH,* rather than to the bivalent Ca®*. 


It is chicerved from the romults presented im Table II thet izvespective of the form of the resin, 
a particular pair of competing ions has almost the same values of a and n. The average values of a 
- and n for a particular pair of ions are summarised in Table III. 


TABLE III 
Pair of ions. 
K+/NH,+ 
Ca*+ /NH,+ 
Ba?+ /Ca?+ 
/NH,* 
Ba*+ /Mg** 9.1 


The results for the anion-exchanger resin in its OH-form and Cl-form are recorded in 
Table IV. 
TABLE IV 
Anion mixtures. OH-Resin. 
m/C. logC. logm. 


1.0 0.30 0.30 
Ll 0.00 0.04 
0.30 


2. 29 030 0.76 
NO; (A) 
1.0 33 0.00 052 1.0 
SO, @) 


0.5 1.6 32 (0.20 0.5 1.6 3.2 


Table IV shows that both for OH-form and Cl-form of the resin, NO,~ and Br~ enter the 
resin almost in the same ratios as these are present in the leaching solution. Considering the 
slightly higher value than unity of m/C, it may be said that NO,~ has slightly suppressed the entry 
of Br. But the system NO,~—SO,?- presents a peculiar behaviour. Though SO,?~ is known 
to have a higher replacing power than NO,~, its adsorption is lowered in presence of the latter. 
The ratio of the sulphate to nitrate adsorbed in the resin is about one third of the corresponding 
ratio in the solution. 

It is observed that log C and log m have same values for a particular pair of anions in both the 
hydroxyl and chloride forms of the resin, and so have been plotted in the same Fig. 2. Here also the 
plots fall almost on straight lines, just as in the case of cation-exchange processes and the ratio of 
the amounts of the two anions (which completely replace a third anion saturating the resin) in the 
resin phase is related to their ratio of concentrations in the leaching solution according to the same 
equation : 

(A/B)r = a [(A/B)s]". 
The characteristic values of the constants a and n for the two different pairs are given below. 


n. 
1.0 
0.7 
0.9 
0.7 
0.6 
a 2.0 2.0 2.0 2.0 1.0 0.30 0.30 
NO; (A) 
~ 1.0 1.1 1.0 1.1 1.1 0.00 0.04 
Br (B) 
0.5 0.56 0.5 054 Il 030 0.27 
59 3.0 0.30 0.77 
3.3 3.3 0.00 052 
0.30 0.20 


Pair of anions. a. n. 
NO, /Br Ll 09 
NO, /SO, 3.1 09 
From the above results it may be concluded that the distribution of two ions depends on thei: 
concentration ratio according to the relation, 
(A/B)r = a [(A/B)s]", 
the values of the two constants a and n being characteristic for a given pair of ions in case of a 
particular ion exchanger. 
The author's grateful thanks are due to Dr. S. N. Mukherjee, D.Sc., Professor of Physical 


Chemistry, Jadavpur University and to Dr. S. K. Mukherjee, D.Sc., Unesco Consultant, Indonesia, 
for their kind and helpful suggestions and discussions. 
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NH,*, Mg?* AND Ba?* ACTIVITIES IN COLLOIDAL CLAYS IN RELATION 
TO THE CONCENTRATION OF THE DISPERSED PHASE 


By AMALESH CHATTERJEE 


The variation of the activity of NH,*+, Mg*+ and Ba*+ ions in clays with the concentration of the latter has 
been studied with the help of membrane electrodes. NH,* - ion activity increases almost linearly up to about 10% clay 
concentration, after which the rate slows down. This slowing down tendency is more markedly exhibited by the 
bivalent clays, particularly Mg-clay, even at a comparatively low concentration. 


The percentage dissociation of NH,-, Mg- and Ba-clays shows an initial rise to a maximum at 1.1%, 1.4% and 
0.7%, respectively, of the clays. The subsequent fall is sharp, but after about 5-6% clay concentration the curves are 
nearly flat. NH,-clay, however, behaves differently and shows a second maximum followed by a gradual fall up to the 
highest (14%) clay concentration studied. 


Clay-membrane electrodes for the determination of cationic activities were developed by 
Marshall (“Colloid Chemistry of the Silicate Minerals”, Academic Press, 1949). Later on Marshall 
et al. (loc. cit.) and Marshall and Chatterjee (J. Phys. Coll. Chem., 1950, 54, 671) used the mem- 
brane electrodes to study the variation of metal-ion activities in the course of neutralisation of acid 
colloidal clays with hydroxides and oxides of Na, K, NH,, Ca, Mg and Ba. Mitra (D. Phil. thesis, 
Calcutta University, 1954) using a number’ of Indian clays prepared clay-membrane electrodes, 
suitable for measurements of ionic activities over a wide range, and reported measurements of 
Na*, K*, Ca?*, Mg?*, Zn**, and Cu** ion activities with the help of membrane electrodes. 


Cationic activity measurements are generally made with dilute suspensions, and the results are 
often used directly to elucidate ion-exchange characteristics of clays present in soil. However, 
the clay, as it occurs in the soil, is more or less gel-like and it hardly assumes a sol state under- 
natural conditions. Hence there may be little justification for extrapolating information available 
in dilute solutions to concentrated pastes. With this end in view, the author determined the 

" variation of Na*, K*, and Ca?* ion activity in colloidal clays over a wide range of concentrations 
of the disperse phase (this Journal, 1956, 33, 399). The present enquiry is a continuation of the 
same work with other ions, viz., NH,*, Mg**+ and Ba?*. 


EXPERIMENTAL 


The clay-membrane electrodes were prepared as reported earlier by Chatterjee (loc. cit.). 
The clay membranes fixed to one end of a pyrex tubing separated the base-saturated clay suspen- 
sion or paste from a solution of known ionic activity (of say, NHyCIl, MgCl, or BaCl, solution). 
The potential difference across the membrane between two tiny calomel electrodes was measured 
with the help of a Cambridge potentiometer. The ionic activity was calculated from E.MF. 
of the cell: 


Hg/Hg,Cl./NH,(Mg or Ba) chloride/Membrane/NH,(Mg or Ba) 
using the Nernst equation, 


The variation of cationic activity with concentration of the clay was studied exactly in a 
manner reported earlier (Chatterjee, loc. cit.). 


| 
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The results of ayri,, am, 4nd ag, determinations are shown graphically in Figs. | and 2, and 
recorded in Tables I-III. 


TABLE | 
Variation of NH,-ion activity with conc. of clay suspension. 

Clay suspen- Total molal NH,* ion ac- % Dissocia- Clay suspen- Total molal NH,+ion ac- % Dissocia- 

sion (g./100g.). NH,* conc. tivity of clay tion. sion (g./100g.). NH,+ cone. tivity of clay tion 
in clay (c). (a). (a/ex 100). in clay (c). (a). (a/ex 100). 
0.117 703x 10~* 6.0 47 0.039 
650.1 6.8 3.8 0.032 
613 7.2 3.2 0.027 
75 19 0.016 
7.2 0.0091 
6.8 0.0061 
6.4 0.0046 


2549x10-' 65 
191.20 

162.80 
98.24 
59.07 
37.53 


27.82 


14.1 
15 
10.2 
93 
75 
6.3 
5.4 


TABLE II 
Variation of Mg-ion activity with the conc. of clay suspension. 
Known Mg?" ion activity = 0.0001. 


Total molal Mg?+ Mg?+ activity of clay °/ Dissociation 
conc. in clay (c). (ax 10°). (a/¢x 100). 


0.048 1.86 0.0039 
0.033 1.31 0.0040 
0.025 1.17 0.0046 
0.019 1.09 0.0056 
0.010 0.85 0.0083 
0.005 0.63 
0.003 0.31 
0.002 0.17 


Clay suspension 
(g./100g.). 


11.70 
7.% 
6.04 


2.46 
1.38 


0.0098 
0.0087 


TABLE Ill 
Variation of Ba-ion activity with the conc. of clay suspension. 
Known Ba’ ion activity = 0.0001. 


Clay suspension (g./100g.). Total molal Ba®+ Ba?*+ activity of clay °/, Dissociation 
conc. in clay (c). (ax 10°). (a/cx 100). 


8.40 0.037 2.09 0.0056 
6.80 0.030 1.82 0.0060 
5.70 0.025 1.55 0.0061 
4.9 0.021 1.32 0.0061 
4.30 0.019 0.0054 
2.90 0.013 0.0069 
1.80 0.008 0.0077 
0.68 0.003 


458 
4.70 
0.78 
0.43 
0.52 0.002 0.16 0.0070 


CATAIONIC ACTIVITIES IN COLLOIDAL CLAYS 


DISCUSSION 


The nature of the variation of the activity of NH,* ion is more or less similar to that-of the 
monovalent Na* and K* ions (Chatterjee, loc. cit.). Variations in the case of Mg** and Ba*' 
are similar to those of the bivalent Ca®* ions (loc. cit.). There is, however, some difference between 
the behaviour of NH,* clays and the Na* and K* clays. Firstly, the initial slope of the NH," 
ion activity curve is less than that of either Na* or K* ion activity curve and, secondly, after an 
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almost linear run, the NH,* ion activity curve flattens at about 10% clay concentration. Similar 
curves obtained with the electrolytes in aqueous solution do not show any flattening tendency. 
In fact, the variation of mean ionic activity of electrolytes in aqueous solution is nearly linear up 
to or even beyond the molal concentration of the ion as it obtains in the clay salts. The behaviour 
of base-saturated clay suspensions at higher concentrations is most probably due to the overlapping 
of the double layers, which causes a decrease in the number of ions registering their activities. 


The curves for Mg** and Ba?* ions also flatten out like that of NH,* ion but at much lower 


concentrations of the clays. 


Tables I, II and III record in the last column the percentage dissociation of the respective ion, 
calculated from the observed activity (a) and the total concentration (c) of the ion present in the 
base-saturated clay. The percentage dissociation of Ba** and Mg** ions shows an initial 
increase with concentration followed by a fall after a maximum, but at high concentrations the rate 
of decrease markedly slows down. NH,*clay, on the other hand, shows two maxima, one near 
about 1% concentration, similar to the bivalent clays, and the other at about 9% concentration. 
The second maximum is higher than the first. It is, however, to be noted that the NH,-clay is 
nearly one hundred times more dissociated than the bivalent clays, and in this respect it is similar 
to the Na- and K-clays. The latter unlike NH,-, Mg- and Ba-clays show an initial minimum 
followed by a maximum. 

Sincere thanks of the author are due to Dr. S. K. Mukherjee, UNESCO Consultant and Profes- 
sor of Chemistry, for his valuable suggestions and continued interest in the progress of the work 


__ and for providing laboratory facilities. 
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1: 3-PROPANEDIOLS AND THEIR DERIVATIVES 
By (Miss) VIMAL S. JOSHI AND B. V. BHIDE 


2:2-Disubstituted |:3-propanedicls have been synthesised and characterised by preparing their urethanes. Dietlyl- 
aminoethyl ethers of the diols have also been reported. 

Most known antihistaminic compounds contain a quaternary carbon atom. This paper 
describes the preparation of 2:2-disubstituted 1|:3-propanediols and their diethylaminéethyl 
ethers. 


Shortridge et al. (J. Amer. Chem. Soc., 1948, 70, 948) have prepared 2:2-dimethyl-|:3- 
propanediol and 2:2-diethyl-1:3-propanediol by condensing formaldehyde with appropriate 
butyraldehyde in the presence of alkali; while 2:2-dibutyl'-1:3-propanediol was obtained by 
Bouveault and Blanc (Bull. Soc. Chim., 1904, iii, 31, 1205) by the reduction of dibutyl‘malonic 
ester with sodium and ethanol. 1|:3-Propanediols described in this work were prepared by 
lithium aluminium ‘hydride reduction of the disubstituted malonates. The yields were 50 to 60%. 
These diols have been characterised by the preparation of their phenylurethanes. The diethyl- 
aminoethyl ethers have been prepared by the interaction of diethylaminoethyl chloride and sodio 
derivatives of glycols, prepared in benzene. 


Reduction of diethyl dipropylimalonate to the related glycol could not be carried out due 
to complications arising probably (?) by the removal of one propyl! group during the reduction. 


EXPERIMENTAL 


All the required substituted malonates were prepared by alkylation of diethyl malonate in the 
presence of sodium ethoxide using standard procedure. 

Diethyl Ester of Methyldodecylmalonic Acid.—This ester was prepared by the action of methyl 
iodide on sodio derivative of diethyl dodecylmalonate, b.p. 187°/4 mm. (Found: C, 69.3; H, 
11.9. CygHse0, requires C, 69.5; H, 11.0%). 

2-Methyl-2-dodecylpropanediol —LiAlH, (2.5 g.) was suspended in dry ether (125 c.c.) and the 
solution of the ester (16.4 g., 0.05 M) in dry ether (50 c.c.) was added to it in small lots in about 
2 hrs. with stirring. The reaction mixture was further refluxed for 5 hrs., cooled in ice and 
decomposed by dropwise addition of water (25 c.c.), and the ether layer (A) was removed. The 
residual white precipitate was dissolved by sulphuric acid and was extracted with ether (3 X 25 c.c.). 
The ether extract after washing with sodium bicarbonate and finally with water was added to the 
ether layer (A). The combined ether extract was dried over magnesium sulphate, filtered and 
the solvent removed, when a white solid was obtained. It was crystallised from petroleum ether 
(60-80°) as white needles, m.p. 63-65", yield 8 g. (Found : C, 73.7; H, 13.2. C,H 320. requires 
C, 73.7; H, 13.2%). Its diphenylurethane had m.p. 74-75°. (Found: N, 5.7. Cop HyO Ne 
requires N 5.8%). 

The same method was followed for the reduction of all the remaining alkyl malonates, and the 
|:3-propanediols were characterised by preparing their diphenylurethanes. 

Diethylaminoethyl Ether of 2-Methyl,-2-dodecyl-\ : 3-propanediol—Diethylaminoethyl chloride 
was obtained from its hydrochloride (Breslow et al., J. Amer. Chem. Soc., 1944, 66, 1922) by suspend- 
ing it in benzene and treating the suspension with an excess of sodium hydroxide. The benzene 
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extract was dried over anhydrous sodium sulphate, filtered, concentrated, and the oil was used 
as such for further reaction. The condensation of the chloride with the glycol was carried out 
as follows. 

2-Methyl-2-dodecyl-1 : 3-propanediol (3.66 g., 0.015 M) was added to powdered sodium 
(0.35 g., 0.015 M) in thiophene-free benzene (10 c.c.). The mixture was refluxed on a water 
bath for 4 hrs. till sodium had dissolved, and the resulting solution was cooled. Diethylaminoethyl 
chloride in benzene was added to the solution and the mixture was refluxed for about 40 hrs. and 
cooled. The benzene layer was separated, washed with water, and dried over sodium sulphate. 
The residue obtained after removal of the benzene was distilled under reduced pressure, b.p. 
195-200°/1.5 mm, yield 1.0 g. (about 20%). 

| : 3-Propanediols, their phenylurethane derivatives (denoted as DPU) and their diethylamino- 
ethyl ethers (denoted as DEAE) are reported in Table I. 
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A STUDY OF Ca—K ION EXCHANGE EQUILIBRIUM WITH THE HELP OF 
MEMBRANE ELECTRODES 


By SAROJ KUMAR BOSE 


Suitability of membrane electrodes having different mobility ratios for the same pair of cations for the determi- 
nation of individual ion activities in a mixture has been demonstrated. The same procedure has been applied to the 
study of the clay system : 


Ca(clay), + 2 KCl = 2 K-clay + CaCl, 


from %c, and “K measurements in both the forward and backward reactions. 

The features of the “x curves in both the reactions are more or less similar. %c, shows a small rise which for the 
reyerse reaction is somewhat steeper than the forward reaction. This is due to the entry of K+ into the exchange position 
for Ca**+ in the forward reaction. For the reverse reaction, Ca®*+ is perhaps unable to bring out the already fixed K+ ions, 
and therefore Ca*+ ions remain in the weaker level of affinity. 

The study of exchange equilibrium between Ca?* and K~ in clays by means of activity deter- 
mination involves the measurement of ionic activity in a binary mixture (Marshall and Barber, Soil 
Sci. Soc. Amer. Proc., 1950, 14, 86; McLean and Marshall, ibid., 1948, 13, 179; Mitra, D. Phil. thesis, 
Calcutta University, 1954; Mitra and Chatterji, J. Ind. Soc. Soi! Sci., 1953, 1, 112). The develop- 
ment of clay-membrane electrodes and resin-membrane electrodes (Willie and Patnode, J. Phys. 
Coll. Chem., 1950, 54, 204; Sinha, this Journal, 1953, 30, 529; Marshall and Bergman, J. Amer. 
Chem. Soc., 1941, 63, 1911), sensitive to bivalent cations as well as to monovalent cations, has 
made possible the determination of individual ion activity in a mixture of two in true solution as 
well as in colloidal suspension (Chatterjee and Marshall, J. Phys. Coll. Chem., 1950, 54, 671). 

The method of measuring individual ion activity in a mixture of the two by employing clay 
and resin membrane electrodes has been outlined in previous communications (Bose, J. Indian 
Soc. Soil Sci., 1955, 3, 65, 109). 

The present paper is concerned with calcium—potassium reversibility, an evaluation of the 
‘mobility ratios’ of these cations using different types of membranes, and determination of activity 
of each of the ions in a mixture of Ca** and K* ions. The exchange equilibrium reaction 
involving measurement of cation activities in a mixture has also been studied. 


The undermentioned reaction system has been selected, for which the forward as well as the 
reverse reactions have been investigated : 
Ca (clay), + 2 KCl 


EXPERIMENTAL 


The experimental procedures regarding preparation, testing and determination of E.M.F. etc. 
are exactly the same as described earlier (Bose, loc. cit.). From the observed E.M.F. between KCI 
and a mixture of KCI and CaCl, solutions of known ionic activities, placed on the two sides of a 
membrane electrode, the mobility ratio is calculated from the simplified relationship : 


2 K-clay + CaCl,. 


where E,,, is the observed E.M.F. in m.v., a. a and a. are the known K* ion and Ca** ion 
activities respectively, and Uc,/Ux is the mobility ratio. The calculated mobility ratios of a 
number of electrodes are shown in Table I. 


RT K 
Ea. —*&—___— 
2F alg agit Uc 
K Co Ux 


S. K. BOSE 


TABLE I 
Mobility ratios for different membrane electrodes. 
Inside : ax = 0.027. Outside : ax = 0.009 ; ac, = 0.0009. 


Membranes. “EMF.  Uca/Ux. Membranes. *E.M.F.  Uca/Uk. 
A. T.C.6 (1) -185 mv 2.289 E. KH.5 -27.0mv 0.230 
B. P.H.5 : -20.5 1.739 F. AH.5 -21.0 1.616 
C. LR. (100) -19.0 2.144 G. IONAC (200) -19.0 2.144 
D. K.C.5 -22.5 1.233 H. T.C. 6(2) -20.0 1.87 


N.B. Cand G are resin membranes ; the rest are clay membranes. 
* Inside solution contains the negative electrode. 

The mobility ratios, Uc,/Ux, for different clay and resin membrane electrodes somewhat 
vary with the activity range of cations, and hence these have been determined within the actual 
range of activities obtaining in the experiments. 

As reported earlier, two membranes having different mobility ratios have been used for this 
study. From the observed E.M.F.'s of the cell, comprising a mixture of Ca** and K+ ions and a 
solution of known ax, separated by the membrane electrodes, the following two equations may be 


set up: 


(2) 


_ With known values of E,, E,, a! (ue) 
K- K 


1 
solved for av and 


To ascertain the accuracy with which the procedure measures individual ion activities in a 
mixture, determinations have been made of the known calcium ion activity of a particular solution 
in presence of K* ions. The results are shown in Table II. 

TABLE II 
Individual ion activities in a mixture of Ca** and K* ions. 
Inside: ax = 0.027. Outside: ax = 0.003; ac, = 0.0009. 


ranes. Uca/Ux. *E.M.F. aK. 
T.C. 6&1) 2.289 -34.75 mv (H-E)-0.0009 0.0032 
P.H. 5 1.739 -38.50 (A-E)-0.0008 0.0032 
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Uc. F 
and the above two equations may be 
2 
; Calculated : outside. 
. LR. (100) 2.144 -41.00 (F-E)-0.0010 0.0031 
K.C.5 1.233 -38.50 (D-E)-.0012 0.0031 
K.H.5 0.230 -51.50 (A-B)-0.0009 
AH.5 1.660 37.25 
IONAC (200) 2.144 -40.00 
T.C. 6€2) 1.870 35.50 
* Inside solution contains negative electrodes. 
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For the purpose of the study, K-clay and Ca-clay were prepared by adding respectively 
calculated amounts of KOH and CaO to electrodialysed H-clay (montmorillonite) isolated from 
the Padegaon black cotton soil. The mixtures were kept for completion of reaction in stoppered 
bottles for more than one week with occasional shaking. 


Fic. | 
Padegaon clay (Ca-clay + KCl) 
Membranes used —> T. C. 6(2) + K. H. 5. 


o—- 


x10 


Electrolyte ( m.e. ). 


K-clay suspension (5 c.c.) was taken in each of 10 bottles and calculated amounts of CaCl, were 
added to each, and made up with water to 30 c.c. The contents of the bottles were allowed to 
equilibriate with occasional shaking for 48 hours. The mixture was set against ax = 0.027 inside 
the membrane electrode. The E.M.F.’s for the same system were measured with the help of two 
clay-membrane electrodes, K.H.5 and T.C.6(2), having respectively the mobility ratios Uc,/Ux 
equal to 0.23 and 1.87. The individual ax and ac, were calculated by solving the simultaneous 
equations (1) and (2). The relevant data for the reverse reaction were obtained in an exactly 
similar manner, The results are recorded in Tables II] and IV and graphically shown in Figs. 
| and 2. 


TABLE III 
Ca (clay), + 2 KCl. 


KCI added (m.e.) 
Calc. activities: 


an, x lof 2.7 3.1 4.1 48 5.2 47 ~ 48 5.5 5.4 


ll 
a, X 10° 


CaCl, added (m.e.) hele 40 60 80 90 100 110 120 140 ‘200 
Calc. activities: 


x 10" 24 3.5 44 5.5 605 7021 86 99 
al! x 10° — 17 224 27 272 29 29 3.03 3. 3.5 
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DISCUSSION 


The mobility ratios of some of the electrodes (Table I) are fairly different and are therefore 
quite suitable for the purpose of the measurements envisaged here. The membranes actually used 
for the measurements reported above are K.H.5 and T.C.6(2). From the data in Table II ac,, 


determined in the anixtures, appears to agree well with the actual value. 


Fic. 2 


Padegaon clay (K-clay + CaCl,). 
Membranes used: T. C. 6 (2) + K. H. 5. 


Electrolyte ( m.e. ). 


The peculiarly low activity of K* in both the forward and reverse reactions (Figs. | & 2) 
suggests that K*, which is liable to be fixed, prevents its easy exchange for Ca**. For the same 
reason K+ readily replaces Ca**+ from Ca-clay because the process of fixation is attended with a 
greater loss of free energy. The Ca** ion activity, however, increases more sharply in the reverse 
than i. the forward reaction. K* ions added as KCI to Ca-clay are probably ‘fixed’ in a less active 
form, and consequently these K* ions cannot bring the Ca®* ions completely into intermicellary 
liquid in an active form, and hence the Ca®* ion activity is low. Comparing the curves for the 
reverse reaction, it is to be noticed that CaCl, added to K-clay is unable to bring out the already 
‘fixed’ K+ ions, and therefore Ca** ions remain in the outer or the weaker level of afhnity. 
As a result, ac, rises sharply and possesses high values, especially at higher concentrations of added 
CaCl,. 

Author's thanks are due to Dr. S. K. Mukherjee, formerly of the Department of Applied 
Chemistry, Calcutta University, for his guidance and giving laboratory facilities and to Prof. A. K. 
Sen, Principal, City College, Calcutta, for his kind interest. 
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FRIES REARRANGEMENT OF ESTERS OF 2-METHYL-4-BENZOYLPHENOL 


By KuMUDA C. AMIN AND G. C. AMIN 


Fries rearrangement of 2-methyl-4-benzoylphenyl acetate, propionate, butyrate and benzoate yields 2-methyl- 
4-benzoyl-6-acylphenols which are also obtained by the Friedel-Crafts benzoylation of 2-methyl-6-acylphenols. 


In spite of the reported inhibition of the Fries reaction in presence of a negative group 
(Rosenmund and Schnurr, Annalen, 1928, 460, 56) several phenolic esters containing diverse 
negative groups have been studied during the last few years (Amin ef al., this Journal, 1959, 36, 
617 and references cited therein). In continuation of such work, the Fries rearrangement of the 


esters of 2-methyl-4-benzoylphenol (I : R=H) has been described in the present communication. 


2-Methyl-4-benzoylphenyl acetate (I : R=COMe) on heating with aluminium chloride affor- 
ded 2-methyl-4-benzoyl-6-acetylphenol (II : R=COMe) as only 6-position was vacant for the 
migrating group to occupy. That the -COMe group entered next to the -OH group was con- 
firmed by preparing 2’-hydroxy-3'-methyl-5'-benzoyl-4-methoxychalkone and the corresponding 
6-benzoy]-3-methyl-4’-methoxy-flavanoid derivatives, described earlier (Amin and Amin, ibid., 
1959, 36, 126). The structure has been further confirmed by direct comparison with the product 
obtained by the Friedel-Crafts benzoylation of the known 2-methyl-6-acetylphenol. 

Similarly, 2-methyl-4-benzoylphenyl propionate (I : R=COEt) and butyrate (I : R=COPr) 
on the Fries isomerisation furnished 2-methyl-4-benzoyl-6-propionyl- (II: R=COEt) and 
-6-butyryl- (II : R=COPr) phenols respectively, which were also prepared by the Friedel-Crafts 
benzoylation of 2-methyl-6-propionyl-(III : R=COEt) and -6-burtyryl (III : R=COPr)-phenols. 

2-Methyl-4-benzoylphenyl benzoate (I: R=COPh) also furnished the expected 2-methyl- 
4: 6-dibenzoylphenol (11: R=COPh). Since 2-methyl-6-benzoylphenol (III : R=COPh) could 
not be obtained under various conditions, the same product (II) was prepared by the Friedel-Crafts 
benzoylation of 2-methyl-4-benzoylphenol (I: R=H) itself for direct comparison. Thus, in 
conformation with the previous observations for the Fries reaction in case of diverse negatively 
substituted phenolic esters, presence of the benzoyl group in the phenolic nucleus does not appear 
to inhibit or retard this reaction. 


| 
—OH /\\—OH 
\F 
(I) (Il) (IIT) 


[R=H, COMe, COEt, COPr, COPh] 


EXPERIMENTAL 

2-Methyl-4-benzoylphenol (I : R=H) was prepared by the Fries reaction of 2-methylphenyl 
benzoate (b.p. 307°) according to Rosenmund and Schnurr (loc. cit.), m.p. 16%, yield 70%. 
Cox (J. Amer. Chem. Soc., 1927, 49, 1028) records m.p. 173-74°. 


| 
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Fries Rearrangement of 2-Methyl-4-benzoylphenyl Acetate (1: R=COMe): Formation 
of 2-Methyl-4-benzoyl-6-acetylphenol (11 : R=COMe) 


The acetate (I: R=COMe) was prepared by Ac,O-H,SO, method in colorless needles 
(dilute acetic acid), m.p. 67°, yield 70%. (Found: C, 75.41; H, 5.32. CygH,,O3 requires C, 
75.60 ; H, 5.51%). 


The acetate (I : R=COMe) (5 g., | MY and anhydrous aluminium chloride (8.8 g., 3.3 M) 
were intimately mixed and heated at 160° for 2 hours (CaCl,-guard tube). At the end, the mix- 
ture was decomposed by ice and HCI (5 c.c.). The solid obtained was filtered, washed, and 
crystallised from ethanol in yellowish white, shining needles, m.p. 110°, yield 3 g. (Found: C 
75.28 ; H, 5.44. C,gH,4O3 requires C, 75.60 ; H, 5.51%). 


The product develops a deep violet colour with ethanolic ferric chloride and dissolves in 
NaOH and in H,SO, (conc.) with a yellow colour. The other ketones described below also 
responded to the same tests. 


The above reaction at 120° yielded lesser amount of the ketone (1.3 g.), and at 100° mainly 
unchanged ester was recovered. In nitrobenzene (50 c.c.) at 120° the ketone (I g.) and uncrys- 
tallisable tarry product were obtained after removal of the nitrobenzene. 


The dioxime of the above ketone, prepared as usual, was crystallised in yellowish small 
needles from ethanol, m.p. 207° (decomp.). (Found: N, 9.77. CygHigO3N, requires N, 9.86%). 


The semicarbazone was crystallised from ethanol as pale brown granules, m.p. 210° (decomp.). 
(Found : N, 22.57. C,sHog03Ng requires N, 22.81%). 


The acetate, prepared by acetyl chloride-NaOH (5%) method, was crystallised from 
ethanol in almost colorless small needles, m. P. 67°. (Found: C, 72.64; H, 5.38. C,sHiO, 
requires C, 72.98; H, 5.41%). 


Friedel-Crafts’ Benzoylation of 2-Methyl-6-acetylphenol (111 : R=COMe).—2-Methyl-6-acetyl- 
phenol (5 g., b.p. 107°/10.5 mm; Anschutz, Annalen, 1925, 379, 342), aluminium chloride (10 g.) 
and benzoyl chloride (5 g.) were heated together at 150-60° for 2 hours. The product obtained 
on decomposition of the reaction mixture by ice and HC] (5 c.c.) was filtered and crystallised from 
ethanol ; m.p. and the mixed m.p. with the Fries reaction product, 110° ; yield 2.5 g. 


Fries Rearrangement of 2-Methyl-4-benzoylphenyl Propionate : Formation of 
2-Methyl-4-benzoyl-6-propionylphenol (11 : R=COEt) 


The propionate (1: R=COEt) was prepared by propionic anhydride-pyridine method as slightly 
discoloured rhombic plates from ethanol, m.p. 66°: (Found : C, 75.88 ; H, 5.78. GOs re- 
quires C, 76.12 ; H, 5.97%). 


The rearrangement of the propionate (I : R=COEt) (5 g., | M) by anhydrous aluminium 
chloride (8.3 g., 3.3 M) at 160° for 2 hours furnished a brownish solid after the usual treatment. 
It was crystallised from ethanol in light thin plates, m.p. 86°, yield 3.5 g. (Found : 76.02 ; H, 5.94. 
CrtFhieOs requires C, 76.12 ; H, 5.97%). 


The dioxime was crystallised from ethanol in colorless needles, m.p. 188° (decomp.). ‘om ound : 
N, 9.24. Cj,H,,O3No requires N, 9.39%). 
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The semicarbazone, prepared as usual, was crystallised in yellowish thin needles, m.p. 210° 
(decomp.). (Found : N, 21.83. C,9H,.0;Ng requires N, 21.99%). 


The benzoate, prepared by benzoyl chloride-sodium hydroxide (5%) method, was crystallised 
from ethanol in colorless thick needles, m.p. 84°. (Found: C, 77.08; H, 5.23. CHO, 
requires C, 77.41 ; H, 5.38%). 


Friedel-Crafts’ Benzoylation of 2-Methyl-6-propionylphenol (111: R=COEt).—The phenol 
(III : R=COEt) was prepared by the Fries reaction of 2-methylphenyl propionate (b.p. 113°) at 
160° for 2 hours. The oil obtained after the usual treatment distilled at 222-24°, yield 60%. 
(Found : C, 72.91 ; H, 7.09. CyoH,20. requires C, 73.17 ; H, 7.32%). 


The above ketone was benzoylated as before at 160° for 2 hours in thin plates from ethanol; 
m.p. and the mixed m.p. with (I] : R=COEt), 86°. 


Fries Rearrangement of 2-Methyl-4-benzoylphenyl Butyrate : Formation of 
2-Methyl-4-benzcyl-6-butyrylphenol (11 : R=COPr) 


The butyrate (1: R=COPr), prepared by butyryl chloride-pyridine method, distilled at 
210°10 mm, yield 40%. (Found : C, 76.37 ;.H, 6.13. C,sH)sO3 requires C, 76.60 ; H, 6.38%). 


The rearrangment was carried out as before. The solid obtained was crystallised from ethanol 
(charcoal) in brownish shining plates, m.p. 75°, yield 2.5 g. (Found: C, 76.43; H, 6.09. 
C,,H,.O; requires C, 76.60 ; H, 6.38%). 


The dioxime was obtained as colorless needles from ethanol, m.p. 171° (decomp.). (Found : 
N, 8.91. C,,H,0,N. requires N, 8.97%). 


The semicarbazone, prepared as usual, was crystallised from acetic acid in yellowish short 
needles, m.p. 196° (decomp.). (Found: N, 20.96. C.oH.yC;N, requires N, 21.21%). 


The acetate, prepared by acetyl chloride-sodium hydroxide (5%) method, was crystallised 
from ethanol in colorless shining plates, m.p. 82°. (Found: C, 73.79; H, 6.03. CopHaO, 
requires C, 74.08 ; H, 6.17%). 


Friedel-Crafts’ Benzoylation of 2-Methyl-6-butyrylphenol (111 : R=COPr).—The benzoylation 
of 2-methyl-6-butyrylphenol (5 g., b.p. 143°/I1lmm ; Coulthard et al., J. Chem. Soc., 1930, 280) 
was carried out as before. The solid obtained was crystallised from ethanol in brownish shining 
plates ; m.p. and the mixed m.p. with the above Fries reaction product, 75°. 


Fries Rearrangement of 2-Methyl-4-benzoylphenyl Benzoate : Formation of 
2-Methyl-4 : 6-dibenzoylphenol (11 : R= COPh) 
The benzoate (I : R=COPh) was prepared by benzoyl chloride-pyridine method in colorless 
shining needles from ethanol, m.p. 102°. (Found : C, 79.48; H, 4.93. C,.,H,O; requires C, 
79.75 ; H, 5.06%). 


The mixture of the benzoate (I : R=COPh) (5 g., | M) and anhydrous aluminium chloride 
(7 g., 3.3 M) was heated at 160° for 2 hours as before. After the usual treatment, the solid obtained 
was crystallised from ethanol in yellowish, thin, rhombic plates, m.p. 95°, yield 2.2 g. (Found : 
C, 79.61 ; H, 4.87. C,,H,O; requires C, 79.75; H, 5.06%). 


= 


472 K. C. AMIN AND G. C. AMIN 


The dioxime was obtained in thin needles from dilute acetic acid, m.p. 186° (decomp.). 
(Found : N, 7.86. C.,H,,03N; requires N, 8.04%). 


The semicarbazone was obtained as colorless shining needles from ethanol, m.p. 195° 
(decomp.). (Found : N, 19.42. C.s3H.203Ng requires N, 19.54%). 


The acetate was prepared by acetic anhydride-pyridine method as colorless, shining, small 
granules from ethanol, m.p. 142°. (Found : C, 76.70; H, 4.92. C.3H,sO4 requires C. 77.09 ; H, 


5.03%). 

Friedel-Crafts’ benzoylation of 2-methyl-4-benzoylphenol (5 g.) (I: R=COPh) by benzoyl 
chloride (6 g.) in presence of anhydrous aluminium chloride (5 g.) gave the product on 
the usual treatment. It was crystallised from ethanol as yellowish, thin, rhombic plates ; m.p. 
and mixed m.p. with the above ketone, 95° ; yield 3 g. 
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New Delhi for an apparatus grant, and Shrimati Saraswati Amin for the kind interest in the work, 


Guyarat AHMEDABAD-6. 
AND 

Cuemistry DEPARTMENT, 

M. N. Coxtece, Visnacar, 


(Nort Gujarat). 


a Received March 10, 1960 
‘ 
4 


{Jour. Indian Chem. Soc., Vol. 37, No. 8, 1960] 


BERYLLIUM FLUORIDES. PART III. HYDROLYSIS OF BERYLLIUM FLUORIDE 


By APURBA KUMAR SENGUPTA* 


From conductometric and thermometric titrations beryllium fluoride has been found to be hydrolysed by NaOH 
as follows: 
2 BeF, + 2NaOH = Be(OH), + Na,BeF, 
Na,BeF, + 2 NaOH = Be(OH), + 4 NaF 


The reaction mechanism of equation (1) has been confirmed by chemical analysis of the products of reaction taking 
place at the reacting ratio of 1:1, and by conductometric titration of beryllium fluoride by baryta. In the latter case the 
reaction takes place as : 


2 BeF, + Ba(OH), = BaBeF,+Be(OH),. 


Beryllium fluoride has also been found to be hydrolysed by carbonates, bicarbonates, nitrites, ammonia, and 
ethylenediamine with the precipitation of probably basic carbonate or hydroxide according to the case. 


Aqueous solutions of beryllium fluoride have been known to be acidic suggesting the formation 


of an acid by hydrolysis of the fluoride. Tananaev and Deichman (Bull. Acad. Sci. U.R.SS., 
Classe Sci. Chim., 1947, 591) and Linnell and Haendler (J. Phys. Coll. Chem., 1948, 52, 819) 
showed that the pH of beryllium fluoride solutions dropped with its increasing concentration. 


From potentiometric titration of a solution of beryllium sulphate by caustic alkali, Britton (J, 
Chem. Soc., 1925, 2121) observed no precipitation even when one mole of alkali per mole of BESO, 
was added, and attributed this to the formation of basic beryllium cations. Prytz (Z. anorg. Chem., 
1929, 180, 355) confirmed Britton’s observation by similar titrations. During potentiometric and 
conductometric titrations of beryllium fluoride by sodium hydroxide, Prytz (ibid., 1937, 231, 238) 
observed that a precipitate was formed immediately on passing the neutral point, and conductance 
increased sharply with addition of NaOH; he attributed the precipitation to decrease in the 
solubility of beryllium fluoride, however, without any experimental evidence. As beryllium 
fluoride is known to be very highly soluble and is not crystallisable, the observation by Prytz 
requires reinvestigation. 

The present author has studied the hydrolysis of beryllium fluoride conductometrically and 
thermometrically utilising caustic soda, baryta, alkali carbonate and bicarbonate as the titrants, 
and also by chemical analysis of the products of the reaction occurring at the ratio 
BeF, : NaOH = |: I. 


EXPERIMENTAL 


The same potassium tetrafluoberyllate and beryllium fluoride, used previously, were utilised, 
and standardised as before (Sengupta, this Journal, 1960, 37, 291). Other reagents were of 
* Present address : Chemistry Department, Jadavpur University, Calcutta-32. 
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The apparatuses used were the same as in the previous work (loc. cit.). The conductometric 
titrations of beryllium fluoride (Fig. 1) by caustic soda (curves I and I), baryta (curve IV), sodium 
carbonate, sodium and potassium bicarbonates (vide Discussion), and of potassium tetrafluoberyl- 
late by barium chloride (curve III) were performed at a constant volume. For these titrations, 
sets of individual mixtures were prepared in wax-coated test tubesby mixing equal volumes of a 
standard beryllium fluoride solution with calculated volumes of water, and finally adding 
increasing volumes of a titrant. For preparing the solutions for titration with baryta, freshly 
boiled and cooled distilled water was particularly utilised. The test tubes were stoppered with 
waxed rubber stoppers immediately after the addition of the last reagent. The conductance of 
the mixtures was measured the next day. 


NaOH 
Ir —— Ba (OH), 
— BaCl, 


To. xX 10 —> 


a 


0 2 4 6 8 W 12 4 6 18 


Titrant (c.c.) —> 


2 4 6 8 W 2 14 16 18 20 22 


Curve I. 3 c.c. beryllium fluoride (0.1843 M) titrated by NaOH (c.c.) —> 
NaOH (0.7747 M) at constant volume (25 c.c.). 
Curve II. 5 c.c. of the above titrated by NaOH (0.1529 M) 


at constant volume (25 c.c.). 


fluoride (0.03317 M) by NaOH (1.020 N). 


Curve III. 10 c.c. K,BeF, (0.01 M) titrated by barium chlo- Curve II. 100 cc. beryllium fuoride (0.0838 N) by NaOH 


ride (0.02 M) at constant volume (20 c.c.). 


Curve IV. 1 c.c. beryllium fluoride (0.2793 M) titrated at (1.104 N). 


Curve |. Thermometric titrations of 100 c.c. beryllium 


constant volume (30 c.c.) by baryta (0.02977 M). 

The results of thermometric titration of beryllium fluoride by caustic soda have been shown 
in Fig. 2 after subtracting the values recorded in the blank titrations (Fig. 3), which were performed 
by adding the caustic soda solutions utilised in the above experiments to water. In a similar way 
thermometric titrations of beryllium fluoride by sodium carbonate, and sodium and potassium 
bicarbonates were carried out (vide Discussion). 

In order to carry out chemical analysis of the products of reaction occurring at BeF, : NaOH 
= 1:1, 40 cc. of BeF, (0.1618 M), containing 58.2 mg. beryllium and 246 mg. fluorine, was 
taken in a beaker. To it caustic soda (0.1070 N, 60.5 c.c.) was added dropwise whilst the solution 
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was constantly stirred. Gelatinous precipitate was found to appear. To the solution paper pulp 
was added, and the solution was filtered (1) by suction through a paper pulp pad. The residual 
precipitate was transferred to the filter with the help of a quantitative filter paper. The precipitate 
(p;) was drained thoroughly and was transferred into a platinum crucible; a small amount of 
sodium carbonate solution was added to it, and the whole was dried carefully. The paper along 
Fic. 3 with the residue was burnt to ash, more 

: sodium carbonate added, and the mass fused 

—— Ne OH (100 N) with a Meker burner. The melt was extracted 
—_ 1.04 N) with water, and as usual beryllium was estimat- 
ed from the residue as beryllium oxide, and 
fluorine from the filtrate gravimetrically as 
lead chlorofluoride. The amounts of beryllium 
and fluorine, thus estumated, were respectively 


33.3 mg. and 26.5 mg. 


NaOH —+ The filtrate (f,) was transferred into a 
Thermometric blank titrations of (i) 100 c.c. platinum dish containing a small amount of 
water by NaOH (1.020 N), and (ii) 100 c.c. sodium carbonate, and the solution was care- 
water by NaOH (1.108 WN). fully evaporated to dryness. As before the 


amount of beryllium was estimated in this residue, and found to be 24.8 mg. 


The amounts of beryllium distributed in the precipitate (p,) and the filtrate (f,) were thus 
found to be 1.34: | instead of the presumed 1:1 ratio according to equation (1) (vide Discus- 
sion). The higher amount of beryllium in the precipitate was evidently due to the adsorption of 
beryllium from the filtrate in the filtering pad, indicated by the amount of fluorine (26.5 mg.) 
found in it (vide supra). Thus, almost all of the fluorine, (246 — 26.5) mg., was found in the filtrate 
(f,), and therefore the ratio of Be : F in the filtrate was approximately | : 4, showing the presence 


of tetrafluoberyllate in the filtrate. 
DISCUSSION 


Conductometric titration of beryllium fluoride by caustic soda reveals one inflection point 
in the curves (curves I and II, Fig. |) corresponding to the ratio of BeF, : NaOH =! : 1 (not 
well pronounced) and 1:2. As gelatinous precipitate has been noticed almost from the beginning 
_ of the titration, the reactions are presumed to be : 


2 BeF, 2 NaOH = Be(OH), + Na BeF, 
Na,BeF, + 2 NaOH = Be(OH), + 4 NaF . @ 


The thermometric titrations of beryllium fluoride by caustic soda (curves | and II, Fig.2) 
also indicate inflection points at the above ratios of BeF, and NaOH. As before, gelatinous 
precipitate was noticed in the titration vessel, indicating the reactions to occur according to 
equations (1) and (2). These reaction mechanisms have been confirmed by conductometric titration 
of beryllium fluoride by baryta when only one break is noticed in the titration curve (curve IV, 
Fig. 1) corresponding to BeF, : Ba(OH), = 2: |, indicating the following reaction to occur : 


2 BeF, Ba(OH), = BaBeF, + Be(OH), QB) 


since barium fluoberyllate and beryllium hydroxide are practically insoluble. The quantitative 
precipitation of tetrafluoberyllate ion by barium ion was confirmed by titrating a potassium tetra- 
fluoberyllate solution with barium chloride (curve III, Fig. 1). The reaction mechanism occurring 


0 2 4 6 8 0 2 4 6 8B 0 22 
6 


A. K. SENGUPTA 


according to equation (1) was also corroborated by chemical analysis of the products of reaction 
taking place at the reacting ratio of BeF, : NaOH = | : |, when beryllium was found to be distribu- 
ted approximately in equimolar portions in the precipitate and the filtrate, and the ratio of Be : F in 
the filtrate found to be | : 4, indicating the presence of tetrafluoberyllate ion in it (vide supra). 
That the hydrolytic reaction of tetrafluoberyllate ion occurs according to equation (2) has been 
shown in a previous communication (Sen Gupta, this Journal, 1956, 33, 433). The above 
experimental facts show that the action of NaOH on BeF, solution leads to a continuous separation 
of Be(OH)., because the complex BeF,?~ ion that might be formed in course of the reaction, as 
indicated by titration with baryta, is not strong enough to mask appreciably the usual reaction of 
Be?* ion in solution. Thus the assumption of Prytz (loc. cit.) about the hydrolytic reaction of 
beryllium fluoride by caustic soda is found not to hold good. 


It was noticed that in both the conductometric titrations utilising alkali carbonate or bicar- 
bonate, the conductance increased gradually with no definite inflection point in the curves. It 
was further observed with the bicarbonates that the stoppers of the test tubes were ejected out 
immediately after mixing the reactants, which indicated the generation of carbon dioxide in the 
reaction between beryllium fluoride and a bicarbonate. CGelatinous precipitate was found in the 
test tubes where sodium carbonate had been utilised, but in the case of bicarbonates a very small 
amount of precipitate in some of the test tubes was observed, and no precipitate in the test tubes 
where the proportion of bicarbonate was very great in comparison to the beryllium fluoride taken. 


In the case of thermometric titrations, at the end of experiments gelatinous precipitates were 
noticed in the Dewar flask when alkali carbonate was utilised, but no precipitate in the case of 
bicarbonates. These titrations indicate that sodium carbonate hydrolyses beryllium fluoride with 
the precipitation, probably, of basic beryllium carbonate, whilst alkali bicarbonates also hydrolyse 
it with the production, probably, of alkali beryllium tetrafluoride and basic beryllium carbonate at 
lower bicarbonate concentrations, but soluble complex beryllium carbonate ions at higher concen- 
trations of bicarbonate. 


On addition of sodium nitrite to a beryllium fluoride solution, nitrous fumes evolved and 
beryllium hydroxide separated out. On adding ammonia or ethylenediamine to a_ beryllium 
fluoride solution, beryllium hydroxide was precipitated. These reactions also lead to the hydrolysis 
of beryllium fluoride. On adding a comparatively weak base, like pyridine, no precipitate of beryl- 
lium hydroxide was noticed, and by evaporation of the residual mixture, no substance could be 
crystallised out. 

Author's best thanks are due to Prof. P. B. Sarkar, Head of the Department of Pure Chemistry, 
for his encouragement and providing all laboratory facilities. Author expresses his deep gratitude 
to Sri N. N. Ghosh for his kind suggestions. 
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COMPLEX COMPOUNDS OF BERYLLIUM WITH 5-NITROSALICYLIC ACID 
By MARY ABRAHAM AND S. N. SRIVASTAVA 


Measurements of pH and conductance with 5-nitrosalicylic acid show that unlike salicylic acid, which forms two 
complexes with beryllium, nitrosalicylic acid forms only a rather unstable 1:1 complex. The results show that the presence 
of a nitro group affects the chelate-forming nature to a marked extent. 


Beryllium complexes with salicylate ions were studied by Rosenheim and Lehmann (Annalen, 
1924, 440, 153), Varma and Mehrotra (this Journal, 1958, 35, 381), and also by Singh and Prakash 
(ibid., 1957, 34, 197). The present work has been undertaken with a view to studying the complex 
compounds of nitrosalicylic acid with beryllium and to ascertaining the effect of nitro group on 
chelation of the ions. 

EXPERIMENTAL 

N/10 Beryllium nitrate (B.D.H.-A.R.) and a standard N/2 potassium nitrosalicylate solution 
were used for the experiments. Be in the former was determined as oxide (Vogel, “Inorganic 
Analysis”, 1948, p. 536). Conductance was determined with Gallen Kamp’s Kohlrausch slide 
wire having an audiofrequency oscillator with circuit and a headphone for detecting null point. 
Measurements of pH were determined with a Beckman glass electrode pH meter (H.¢H). Results 
are shown in Figs. | and 2. 


FIG. | FIG. 2 


1 2 3 
Moles of alkali added. —> NH,OH (c.c.). 


DISCUSSION 


Curves K,-K, of Fig. 1 show the effect of dropwise addition of M/2-KOH on mixtures of 
beryllium nitrate containing 0, 1, 2, 3 moles respectively of potassium salt of 5-nitrosalicylic 
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acid. A blank experiment with potassium nitrosalicylate alone increased the pH of the solution 
to 9, indicating the non-appearance of hydroxyl hydrogen of potassium nitrosalicylate by the 
addition of alkali. 

Curve K, for the blank shows a sudden change in pH when two moles of the alkali are added, 
indicating complete formation of beryllium hydroxide. 

Curve K, with beryllium nitrate and one mole of potassium nitrosalicylate shows an inflection 
ori the addition of one equivalent of alkali, inflection occurring at pH 4 (~), thus indicating 
formation of a complex containing beryllium and nitrosalicylate in the ratio |: 1. The probable 
reaction on the addition of alkali (Varma and Mehrotra, loc. cit.) on the reaction mixture may be 


represented as : 


Be (NOs). + i | | + 2KOH == } Be(OH), + 2KNO, 
2 


+ K,[Be (C;H,0,NO,),] + H,O .. (1) 


Curves K; and Ky, where beryllium contains 2 and 3 moles respectively of the nitrosalicylate, 
also show only one inflection at pH 4.1, indicating that only one complex is formed in the ratio 
1:1. 

To confirm the above results, the experiments were repeated by measurements of conductance 
Fig. 2 (curves K;-K,) shows the conductometric titrations of beryllium nitrate and potassium 
nitrosalicylate in the ratios 1:0, |: 1, 1: 2 and |: 3 respectively against standard NH,OH. Curve K; 
(blank) shows only a slight increase in conductance by the addition of NH,OH. The reaction 
can be represented as : 


Be (NOs). + 2 NH,OH = Be (OH), + 2 NH,NO, 


Curve Kg, where one mole of nitrosalicylate is present, shows that the graph is almost hori- 
zontal after the addition of one mole of alkali, indicating, as in the case of pH measurements, that 
some of the beryllium ions have been used up in complex formation. The rise in conductance 
by the addition of alkali is greater than that in curve K; as in this case the complex Be ions 
are replaced by smaller ammonium ions. The conductance of complex Be ions is less than that 
of ordinary Be ions (Varma and Mehrotra, loc. cit.). 

Curves K, and Kg, where two and three moles of nitrosalicylate are added, also are in accor- 
dance with the above results. The absence of a higher complex obtained in case of salicylic acid 
indicates that nitro group hinders chelation. 


Received May 21, 1959. 
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SYNTHESES OF N!-HETEROCYCLIC SULPHANILAMIDES 


By P. P. JosHi, T. R. INGLE AND B. V. BHIDE 

A few sulphanilamides containing chromone derivatives as a substituent at N! position have been synthesised and 
tested for their antibacterial properties. 

The N?-heterocyclic derivatives of sulphanilamides are the important group of sulphanil- 
amides, which show increased bacteriostatic potencies and better therapeutic response in clinical trials. 
The major sulpha drugs, e.g. sulphapyridine, sulphadiazine, etc. are the members of this series’ 
The heterocyclic substituents at N" position, which have been found effective so far, appear 
to be pyridyl, pyrimidyl, thiazolyl and guanidyl. The present communication deals with the syn- 
theses of sulphanilamides or their derivatives having chromone derivatives as substituents at N'. 


When the aminochromones, obtained by the reduction of nitrochromones (cf. this Journal, 
1959, 36, 59), were condensed with p-acetylaminobenzenesulphonyl chloride in the presence of 
pyridine, the acetylsulphanilamides were formed. These derivatives on acid hydrolysis yielded 
the corresponding sulphanilamides. In general, the preparations of sulphanilamidochromones 
exhibited several difficulties and very poor yields were obtained at final stages. In a few cases, 


free sulphanilamides could not be obtained from their acetyl derivatives. 


Aminochromones, acetylsulphanilamides, and free sulphanilamides obtained in this work were 
tested against M. Tuberculosis. These do not appear to possess appreciable activity. 


EXPERIMENTAL 

(I). 5-Sulphanilamido-6-methoxychromone (R, = NH.SO.NH; R, = OMe; R,; = Ry = 
H).—A suspension of 5-nitrochromone (4 g.) in 5% HCl (100 c.c.) was heated on a water bath 
to 80° and granulated tin (5 g.) was added to it in small lots. After heating for 4 hrs. the 
reaction mixture was filtered hot, and the filtrate was diluted to 500 c.c. Tin was removed by 
H.S and the filtrate was concentrated under r-duced pressure till the hydrochloride of the amine 
began to separate. The residual liquid was taken in ethanol, and dry ether was added to the 
solution to precipitate the hydrochloride of 5-amino-6-methoxychromone, yield 2.4 g. For purifica- 
tion it was dissolved in ethanol and reprecipitated by ether, when crystalline cubes were obtained, 
m.p. 195-200°. (Found: N, 6.4; equiv., 227.5. CygHigO3NCI requires N, 6.11%; equiv., 231). 


The above hydrochloride (1 g.) was suspended in dry pyridine (5 c.c.), and acetylamino- 
benzenesulphony] chloride (1.2 g.) was added to the above suspension. The reaction mixture was 
heated on a water bath for 2 to 3 hrs. The contents of the flask turned blackish violet. The 
coloured solution was poured in dilute HCl, when 5-acetylsulphanilamido-6-methoxychromone 
separated as a crystalline solid. The solid was collected and crystallised from ethanol in small 
needles, m.p. 240-42° (decomp.). (Found: N, 7.5. C,gsH,gO,N.S requires N, 7.2%). 


The above methoxychromone (0.7 g.) was suspended in HCI (10 c.c., 10%) and the mintere 
was refluxed on a sand bath for 3 hrs., when the total substance went into solution. The acidic solu- 
tion was cooled and neutralised by sodium carbonate, when a yellowish crystalline solid separated. 
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The 5-sulphanilamido-6-methoxychromone, thus obtained, was filtered, washed, dried, and crystal- 
lised from benzene in yellowish prisms, m.p. 202-203°. (Found: N, 7.7. CygH,O;N.S requires 
N, 8.0%). 

(11). 8-Sulphanilamido-7-methoxychromone (Ry=R.=H; R;=OMe; R,=NH,SO,NH).— 
The suspension of 8-nitro-7-methoxychromone (1 g.) in acetic acid (5 c.c., 10%) was heated on 
a water bath, and powdered reduced iron (1 g.) was added to the suspension in small lots with 
vigorous stirring. After the addition was over, it was heated further for half an hour, and filtered 
hot. The filtrate was neutralised with NaHCO, and extracted with benzene. The extract was 
dried over sodium sulphate, filtered, and the solvent removed. 8-Amino-7-methoxychromone, thus 
obtained, was crystallised from benzene in yellow needles, m.p. 108-109°. (Found: N, 6.3. 
C,2H;,0,N requires N, 6.0%). 

A mixture of 8-amino-7-methoxychromone (1 g.), dry pyridine (5 c.c.) and acetylaminosul- 
phony! chloride (1.2 g.) was heated in an oil bath at 110-20° for 3 hrs. The mixture was cooled 
and added to dilute HCl, when 8-acetylsulphanilamido-7-methoxychromone separated as a solid. It 
was crystallised from ethanol as yellow plates, m.p. 250-51°. (Found: N, 7.3. C,sH,gO,N.S 
réquires N, 7.2%). : 

The above acetylsulphanilamide was hydrolysed by 10% HCl as described under (1). On 
neutralisation of the acidic solution, (II) was obtained as a solid, which was crystallised from 
benzene in fine needles, m.p. 230-40°. (Found: N, 7.8. C,gH,,O;N.S requires N, 8.0%). 

(II). 6-Acetylsulphanilamidochromone (R,;=H ; R,=CH;CO.NH.SO,NH; R;=R,y=H).— 
6-Nitrochromone (1 g.) was reduced by iron and acetic acid as described under 8-amino-7- 
methoxychromone when 6-aminochromone was obtained, yield 0.25 g. It was crystallised from 
benzene, m.p. 210-11°. (Found: N, 8.9. C,H;O,N requires N, 8.6%). 

On condensing acetylaminobenzenesulphony! chloride (1.3 g.) with 6-aminochromone (1 g.) 
in presence of pyridine (5 c.c.) at 110-20°, (III) was obtained. It was crystallised from ethanol, 
m.p. 216°. (Found: 7.6. C,;H,0;N2S requires N, 7.8%). 

The hydrolysis of the chromone with (i) 10% HCl, (ii) 16% ethanol and (iii) sodium methoxide 
at 30° did not meet with success. 

(IV). 8-Sulphanilamido-5-methoxychromone (R;=OMe; R.=R,;=H; R,=NH,SO,NH).— 
8-Nitrochromone (5 g.) was reduced by tin (10 g.) and HCI (200 c.c., 10%) at 90° according 
to the usual procedure. After 2 hours the hot reaction mixture was filtered and diluted with 
water. It was treated with H,S to remove tin, and the filtrate was concentrated under reduced 
pressure till the hydrochloride appeared as a reddish precipitate. It was dissolved in minimum 
quantity of absolute ethanol, and the hydrochloride was precipitated by the addition of dry ether 
as a reddish yellow solid, m.p. 200-10° (decomp.). (Found: N, 6.1. CyoH,oO3NCI requires 
N, 6.11%). The hydrochloride was found to be unstable on exposure. 

An attempt was made to obtain the aminochromone by dissolving thé hydrochloride in 
minimum quantity of water and extracting the amine with chloroform after making it alkaline with 
ammonia. On removal of chloroform it was obtained as a liquid .which decomposed spon- 
taneously. The liquid aminochromone, when treated with acetic anhydride and sodium acetate, 
yielded 8-acetamino-5-methoxychromone. It was crystallised from dilute acetic acid, m.p. 
210-12°. (Found: N, 6.08. C,.H,,0O,N requires N, 6.6%). 

Attempts to prepare 8-sulphanilamido-5-methoxychromone from the above hydrochloride or 
amine did not meet with success. 
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POSSIBLE ANTITUBERCULOUS COMPOUNDS. PART IX. PREPARATION 
OF BENZYLIDENE AND BENZYL DERIVATIVES OF 
4-AMINODIPHENYLAMINE | 


By Vinay S. MISRA AND MD. IMTIAZ HUSAIN 


Twelve new substituted N-benzylidene and the corresponding N-benzyl derivatives of 4. 
have been synthesised with a view to ascertaining the effect of basic strength on antituberculous activity. 


The significance of primary aromatic amines in the chemotherapy of tuberculosis has been 
investigated by Kuroya (J. Exper. Med., 1927, 7, 255), Erlenmeyer et al. (Helv. Chim. Acta, 1945, 
28, 1406) and by Doub (Amer. Rev. Tuberc., 1950, 61, 407) who noticed activity in 4-aminodi- 
phenyl, its isosteres and 2-naphthylamine. 


The authors have reported herein the synthesis of a series of substituted N-benzylidene and 
N-benzyl derivatives of 4-aminodiphenylamine in order to obtain compounds of basic strength 
intermediate between those of a basic primary amine and diphenylamine-4-aryl-or-alkyl-amidines 
described earlier (loc. cit.). 


Condensation of 4-aminodiphenylamine with piperonal, vanillin, cinnamaldehyde, wore 
thaldehyde, benzaldehyde, and p-methyl-, (0, m and p)-hydroxy-, p-propyl'-, p-methoxy- and 


p-chloro- benzaldehydes furnished the expected Schiff's bases in good yields, ranging from 75 
to 95%. 


The latter were subsequently reduced catalytically to the corresponding benzylamino 
compounds. The completion of hydrogenation was confirmed by performing the dye test with 
the reduced product (found negative) and by finding out the mixed melting points. 


H,/Pt 


R = G He CH (9), GH.OH Hy), 
Cl (0), CH,CH—CH, CH, and H, 
CH, Cl (0), CoH Co H; () 


The antitubercular activity of these compounds will be reported later on. 


EXPERIMENTAL 


(I). N-Benzylidene Derivatives of 4- Aminodiphenylamine.—These derivatives were obtained in 
good yields by refluxing an ethanolic solution containing equimolecular quantities of 4-amino- 
diphenylamine and freshly distilled substituted benzaldehydes for 30 minutes. The crystalline 
solids, which separated out on cooling, were filtered and recrystallised from ethanol. Proper- 

ties of these are recorded in Table I. 
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TABLE | 
N-4-Substituted benzylidene-aminodiphenylamines. 
S. No. R= M.P. Yield. Formula. %, Nitrogen. 
Found. Calc. 
CH, 94-95° 85% CHiN, 10.25 10.29 
2. C,H,CH; - 115° 87 10.02 9.79 
3 C.H,OH (0) 77-79 85 9.91 9.72 
4 (m) 128° 9.99 
5 187-88 88 9.50 
6 (p) 118° 8&8 C..H..N. 9.05 8.91 
7 C,H,OCH; (p) 110-11° 85 CooH,,N,O 9.42 9.27 
8 C,H,Cl (@) 88° 91 9.05 9.10 
9 C,H;CH=CH 114-15 75 C,,HisN. 8.88 9.39 
OCH; (m) 
10. C,H; "si 121-22 78 C.9H,.N,0, 8.63 8.80 
OH (p) 
Il. C,H; CH, 96-98" 88 8.39 8.86 
12. C,oH, (p) 145-46° 80 C.3H,.N. 8.33 8.69 


(Il). N-Benzyl Derivatives of 4- Aminodiphenylamine.—The Schiff's bases (0.5 g.), described above, 
and glacial acetic acid (30 c.c.) were taken in a hydrogenating bottle ; Adams’ catalyst (25 mg.) was 
added to it and the mixture was shaken in an atmosphere of hydrogen at a pressure of 60 lbs. per 
sq. inch for 5 to 6 hours. The solution was filtered, most of the solvent was distilled off under 
reduced pressure, and the residue neutralised with a strong ammonia solution. The solid so sepa- 
rated was filtered and recrystallised from ethanol or acetone (Table II). 


TABLE II 
N-4-Substituted benzylaminodiphenylamines. 

No. MP. Yield. Formula. % Nitrogen. 
Found. Calc. 
l. 60-61° 10.10 10.22 
yA 84-86° 87 10.20 9.72 
96-98° 85 9.70 9.65 

4. 119° 98 9.12 

5. 130° 16 9.20 
6. 54-56" 60 8.69 8.86 
68° 50 8.9 9.21 
78° 55 C,9H,;N,Cl 8.76 9.08 
9. 60° 62 C.,HeeN, 8.98 9.33 
10. 133-35 37 CyoHeoN,0, 9.20 8.75 
I. 83-84 90 C.oHisN,0, 8.69 8.80 
12. 154-55° 50 C.3HeoN: 8.27 8.64 


* Groups representing R correspond to those in Table I. 


The authors are thankful to Dr. A. B. Sen, Professor and Head of the Department of Chemis- 


try, Lucknow University, for his kind interest in the present work. 
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OXIDATION OF AROMATIC THIOCARBAMIDES : THE TETRAPHENYL- 
FORMAMIDINE MONOSULPHIDE HYDROBROMIDE 


By K. S. SURESH 
In its formation by the oxidation of thiocarbanilide by bromine in alcohol, Hugershoff's thiadiazole has been shown 
to be preceded by the formation of tetraphenylfor idine monosulphide which has been isolated as its hydrobromide. 
Chemistry of this compound has been investigated. . 

When thiocarbanilide is oxidised with bromine or other oxidising agents (Hugershoff, Ber., 
1901, 34, 3130; 1903, 36, 3121 ; Hunter, J. Chem. Soc., 1925, 2023; 1929, 462; Sahasrabudhey, 
this Journal, 1950, 27, 433; Morton, “The Chemistry of Heterocyclic Compounds”, 1946, 2nd 
impression, p. 434), depending on the conditions of reaction, a thiadiazole (I) (structure yet un- 
decided ; this Journal, 1960, 37, 25) or benzothiazole (II) is formed : 


C—NHPh 
\s 4 
(1) (11) 


The formation of these and such other compounds has been believed to be preceded by disul- 
phides of the type obtained from alkyl-substituted thiocarbamides (Hofmann, Ber., 1869, 2, 455 ; 
Fromm, Annalen, 1906, 348, 144; Hector, Ber., 1889, 22, 1176; J. prakt. Chem., 1891, 44, 492; 
Fromm and Heyder, Ber., 1909, 42, 3804; McClelland and Warren, J. Chem. Soc., 1930, 1095) 
as indeed has recently been confirmed (Sahasrabudhey and Nambury, Proc. Indian Sci. Cong., 1958, 
Part III, 136; Kurzer and Sanderson, J. Chem. Soc., 1957, 4461 ; 1959, 1058). Although mono- 
sulphides are often formed by the elimination of a sulphur atom from disulphides, and formation 
of elemental sulphur is observed in the above oxidations, no suggestion has hitherto been made 
about the formation of such a compound by the decomposition of related disulphides or as a pro- 
duct of oxidation of thiocarbamides. ~ 


It has now been found that thiocarbanilide on oxidation with bromine at ordinary tempera- 
ture or in moderately warm solution affords a yellow crystalline compound, C,,H.,N,BrS, 
which from its behaviour appears to be the tetraphenylformamidine monosulphide hydrobromide. 


42 
Be, 
2 PhNH-C-NHPh ——> Br S+ HBr 
PhHN NHPh 
H* 


The compound keeps well under dry conditions but in presence of moisture and impurities 
decomposes. Its behaviour with various reagents can be summarised as follows : 


In presence of water it decomposes mainly into hydrobromic acid, phenyl mustard oil and 
triphenylguanidine. 
H,0 
(i) ——> C,H;NCS+PhNH-C-NHPh+HBr 
NPh 


7 


- 
| 
PhN——C=NPh | | 
| 
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In presence of an acid ethanolic medium it furnishes (by disproportionation) thiocarbanilide 
and carbodiphenylimide; the latter under these conditions is hydrolysed into carbanilide : 


Acid 
(ii) (a) ———> PhNH-C-NHPh+PhN=C=NPh-+-HBr 
ethanol 


(6) PhN=C=NPh+H,0 ——> PhNH C-NHPh 
O 


On pyrolysis at its melting point the monosulphide hydrobromide yields all the products 
mentioned under (i) and (ii) above, except thiocarbanilide ; the carbanilide being formed presu- 
mably from carbodiphenylimide as a secondary product. 


In an ethanolic medium it reacts with bromine to afford Hugershoff's thiadiazole, but on 
treatment with excess of bromine in chloroform, a deep orange-red perbromide, C.,H.;N,Br,S, 
is obtained. Three of the bromine atoms of this perbromide were found reactive towards 
potassium iodide, and when carefully reduced with a strong solution of potassium iodide and 
extracted with chloroform, it gave a pale yellow solution which yielded the above decomposition 
products of monosulphide, but no “‘thiodiazole”. The perbromide was found not identical with 
the perbromide of the hydrobromide of Hugershoff's thiadiazole. When reduced with the bisul- 
phite solution, Hugershoff's thiadiazole was formed in some quantity due no doubt to the oxidation 
of monosulphide by the bromine released from the perbromide by way of a side reaction. 


On reaction with thionyl chloride in chloroform it forms an addition compound, which is very 
difficult to purify by the usual methods. This on reduction with sodium bisulphite gave back the 
monosulphide hydrobromide. 


EXPERIMENTAL 


Tetraphenylforramidine Monosulphide Hydrobromide 


Thiocarbanilide (16 g.) was dissolved in boiling rectified spirit (160 c.c.) and cooled. When 
the crystals had just begun to separate, bromine (6 c.c., dissolved in 100 c.c. of 50% EtOH) was 
added gradually with thorough shaking. The temperature of the reaction mixture was maintained. 
at about 60° by warming on a water bath. The resulting lemon-yellow solution was allowed 
to stand for 14 hours and the separated sulphur filtered off. The filtrate on keeping overnight 
deposited bright lemon-yellow cubes (6-8 g.), which were filtered. The product is sparingly 
soluble in most solvents ; on contact with many of which and on slight warming it decomposes. 
It could be crystallised from warm ethanol, acidified with hydrobromic acid, but these 
crystals were always mixed with impurities. It was therefore washed with dry chloroform, 
m.p. 156°. This reaction, when carried out in cold, also gave the same product. The compound 
is quite stable at ordinary temperature, if kept protected from moisture. (Found: C, 61.88; 
H, 4.75; N, 10.81; Br, 16.03; S, 6.19. Calc. for CysH.2N,S,HBr: C, 62.02; H, 4.57; 
N, 11.13; Br, 15.9; S, 6.36%). The compound is not acidic to litmus ; it decomposes on treatment 
with ammonium hydroxide (vide infra), and the aqueous extract so obtained shows the presence of 
bromide ions. The product thus appears to be the hydrobromide of a base which could not be 
isolated. It gave a picrate, m.p. 118° (mixed m.p. with picric acid, 110°) from absolute ethanolic 
solution on long standing. 


(i) Reaction with water—The above monosulphide hydrobromide, when boiled with water, 
gave an oily liquid. On extraction with ether and treatment of the oily residue, obtained by 
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evaporation of the ethereal extract with ammonia, a solid was obtained. _It was crystallised from 
water, m.p. 154°; these were identified with -phenylthiourea by mixed m.p. with an authentic 
sample. The oily product thus proved to be phenyl mustard oil. 


The aqueous part on keeping deposited crystals, m.p. 213°, identified with the hydrobromide 
of triphenylguanidine by mixed m.p. with an authentic sample. An aqueous solution of these 
on basification with ammonia and treatment with picric acid respectively afforded a base, m.p. 
144°, and a picrate, m.p. 181°, identified with triphenylguanidine and its picrate. 


(ii) Reaction with ammonia.—The monosulphide hydrobromide (1 g.) was treated for some 
time with strong ammonia and filtered. The residue after crystallisation was identified with 
triphenylguanidine. The filtrate gave crystals of phenylthiourea, m.p. 150°. identified through 


mixed m.p. with an authentic sample. 


(iii) Reaction with acid—Monosulphide salt (2 g.) was boiled with 20 c.c. of acidified ethanol 
(10 parts EtOH in 1.5 parts of conc.HCl) for an hour. The solution first assumed a yellow colour 
which gradually faded, suggesting the gradual decomposition of the monosulphide in acidified 
ethanol. On cooling crystals were deposited ; these were filtered, washed with chloroform and 
recrystallised from rectified spirit, m.p. 236°, and showed no depression in m.p. when mixed with 
carbanilide. Chloroform washings on evaporation gave a colorless residue, which on crystalli- 
sation from rectified spirit furnished shining ‘soft plates, m.p. 152°, identified with thiocarbanilide. 


The acid-ethanolic filtrate was basified with ammonia when a white precipitate was obtained, 
which was boiled with water. The aqueous extract afforded phenylthiourea while the residue 
proved to be a mixture of carbanilide and thiocarbanilide. 


The main products of the reaction were thus carbanilide and thiocarbanilide. Phenyl isothio- 
cyanate was also formed in small quantities as indicated by the formation of phenylthiourea on 
reaction with ammonia. 

(iv) Decomposition at melting point—The monosulphide hydrobromide was heated at 150-60° 
for 15 minutes. The melt after cooling was extracted with petroleum ether and the ethereal ex- 
tract treated with p-toluidine, when a crystalline product was obtained. It was crystallised from 
ethanol, m.p. 143°. This was N-phenyl-N’-p-tolylthiourea, identified through undepressed 
mixed m.p. with an authentic sample. The residue left after petroleum ether extraction was 
boiled with water and recrystallised from rectified spirit, m.p. 232-35°. This was identified with 
carbanilide. The aqueous extract on basification gave triphenylguanidine, m.p. 146° ; picrate, 
m.p. 181°. 


Further Action of Bromine on the Monosulphide Hydrobromide in Ethanol——A small quantity 
of the monosulphide salt was dissolved in rectified spirit, acidified with hydrobromic acid. On 
addition of bromine in dilute ethanol, followed by basification with ammonia, a colorless base was 
precipitated. It was crystallised from ethanol, m.p. 136°. This was identified with Hugershoff's 
“thiodiazole,” indicating that the monosulphide hydrobromide was oxidised with bromine to furnish 
the “thiodiazole”. 


Action of Bromine in Chlereform on the Menctulphide Hydrobromide 


The monosulphide- hydrobromide (5 g.) was suspended in dry chloroform (50 c.c.) and 
treated with bromine solution (I c.c. in 20 c.c. CHCls). The salt went into solution generating 
some warmth. After addition of 17 c.c. (ie. 2.4 g. bromine) of the bromine solution an 
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orange-yellow product (6 g.) was thrown down. It was filtered and washed with dry chloroform, 
dried under vacuum and then at 60-80°, m.p. 145-50°. It could not be crystallised. The 
_ product was fairly stable in dry atmosphere. It could be kept unchanged for a few days. 


(i) Estimation of Active Bromine in the Product (m.p. 145-50°).—As the compound liberated 
iodine from potassium iodide solution, active bromine was estimated in it by titrating the liberated 
iodine against a standard sodium thiosulphate solution. The substance (0.2130 g. and 0.2162 g.) 
was treated separately with 5 c.c. each of 50% aqueous potassium iodide solution, and 10 c.c. 
of chloroform added. After thorough shaking 5 c.c. of water was added and the liberated 
iodine titrated against standard thiosulphate (1 c.c. = 0.0064 g. iodine) using starch as indicator ; 
17.15 c.c. and 17.55 c.c. respectively of thiosulphate were consumed and the equivalent weight 
values for one equivalent of iodine liberated corresponded with 246.5 and 244.5. Addition of 
1 c.c. of HBr had no effect on the titre value. After the titration the chloroform layer was separated 
and evaporated to dryness. The residue gave out a strong smell of phenyl isothiocyanate. 
On further examination it was found to contain triphenylguanidine. No thiadiazole could be 
detected. (Found: N, 7.46, 7.75; total Br, 43.1; acitive Br, 33.23; equiv. for | active Br, 
244.5, 246.5. Calc. for C.gH.,;N,Br,S: N, 7.53; total Br, 43.06; active Br, 32.3% ; equiv., 


247.6). 


(ii) Reduction of the Perbromide.—The red perbromide was reduced by aqueous sodium bisul- 
phite when a white crystalline product was obtained, which was acidic to litmus. Eq. wt. of this 
product determined by titration was 539 (calc. for C.sHopNsS, HBr: 501. The higher value is 
probably due to hydration). The product was dissolved in rectified spirit and a part basified, when 
a base was precipitated. It was crystallised from rectified spirit, m.p. 136°. Other part was 
treated with ethanolic picric acid ; picrate, m.p. 160-61°. No depression was recorded when mixed 
with Hugershoff's thiadiazole and its picrate. 


Action of Bromine on the Hydrobromide of Hugershoff's Thiadiazole—The thiadiazole was 
triturated with HBr (conc.) in a mortar, and this mixture was dissolved in ethanol and filtered in a 
- large quantity of water. The precipitated hydrobromide was filtered and dried at 100°. Thiadia- 
zole hydrobromide obtained (0.5 g.) was suspended in dry benzene, and chloroform added till all of 
it went into solution. Liquid bromine was added till a heavy liquid had separated. On keeping 
overnight it was crystallised as orange-red crystals, which were dried under vacuum, m.p. 85-95°. 


Active bromine was estimated as given above ; the values found in two independent experi- 
ments were 264.9, 266.4, but these were found to vary (indicating the loss of bromine) on ageing 
the sample. Thus the product was not as stable as that from the monosulphide. On reduction 
with sodium bisulphite and subsequent basification it gave back as expected the thiadiazole. 


Action of Thionyl Chloride on the Monosulphide 


Monosulphide hydrobromide (2 g.) was suspended in dry chloroform (5 c.c.) and thionyl 
chloride (3 c.c.) was gradually added. A white product was thrown down. It was filtered and 
washed with chloroform. It could not be crystallised. The melting range was 100-130°. 


The chloroform filtrate after filtering off the white product was treated with ammonium 
hydroxide, and evaporated to dryness. The residue was washed with water and carbon disulphide, 
and crystallised from ethanol, m.p. 157°. It gave a picrate, m.p. 220-22°. No depression in 
melting pomt was observed when these were mixed with jsmmenoue ts and its pic- 


rate, respectively. 


= 
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The white product is acidic to litmus and reactive to ethanolic potassium iodide. The 
liberated iodine was titrated against standard sodium thiosulphate, but concordant results were 
not obtained. 


(i) Treatment with water—The product was suspended in water and kept overnight. The 
residue, which was strongly acidic, was dissolved in ethanol and treated with alkali, when a pro- 


duct, m.p. 131-33°, was obtained, identified with Hugershoff's thiadiazole. 


(ii) Reduction with sodium bisulphite—The product was suspended in water, acidified with 
HBr, and treated with a strong aqueous solution of sodium bisulphite. A yellow product was 
obtained. It was dissolved in ethanol, acidified with HBr, and seeded with a few small crystals of 
the monosulphide salt. After keeping for a few hours yellow crystals, melting after washing with dry 
chloroform at 153-54°, were obtained. No depression in m.p. was observed when mixed with the 
original monosulphide salt. This suggests the product, obtained from thionyl chloride and 
monosulphide, to be an addition product or a complex of SOCI, and the monosulphide, which 
in presence of reducing agents gives back the monosulphide. But in presence of water alone it 
probably decomposes into SOC], and the monosulphide when oxidation of the latter by the for- 
mer to Hugershoff's thiadiazole takes piace. 

Sincere thanks of the author are due to Dr. R. H. Sahasrabudhey for his interest, to the 
authorities of the Banaras Hindu University for the facilities, and to the Government of India in 
the Ministry of Scientific Research & Cultural Affairs for a scholarship. 
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SEARCH FOR NEW FILARICIDES 


By A. B. SEN AND KIRPA SHANKER 
Sixteen substituted N-piperidino- and N-morpholino-ethyl-N-alkoxypropylamines (analogoues of hetrazan) have 
been synthesised with a view to testing their anitifilarial activity. 

Although |-diethyl-4-carbamylpiperazine, commonly known as hetrazan, is an effective drug 
for the treatment of filariasis, it has no action on the adult worms or on the mircrofilariae present 
in the hydrocele fluid, being effective only against microfilariae present in the blood stream. It 
also produces severe allergic reactions and toxic symptoms. 

It has been shown that neither the piperazine ring by itself nor its |-methyl derivative has 
any antifilarial activity whereas 4-diethylcarbamylpiperazine has a high order of activity. 

Besides hetrazan, the only compound, which was found to possess antifilarial activity by 
Sewell and Hawkings (Brit. J. Pharmacol., 1950, 5, 239), was NNN-trimethyl-N’-diethylcarbamyl- 
ethylenediamine. 

This led to the synthesis of a number of substituted ethylenediamines by Wadia ef al. (J. 
Sci. Ind. Res., 1958, 17 C, 11) which may be considered as straight-chain analogues of hetrazan, 
retaining the basic centres for hydrogen bonding and providing a range of electron potentials on 
the component nitrogen atoms in the molecule. 

The present investigation also reports the synthesis of substituted N-piperidino- and N-mor- 
pholino-ethyl-N-alkoxypropylamines which have been prepared by the condensation of piperidino- 
or morpholino-ethyl chloride hydrochlorides with ethoxy- and methoxy-propylamines. These 
have been converted into the corresponding ethoxycarbonyl, phenylcarbamoyl, and phenylisothio- 
carbamoy] derivatives. 

N-Piperidinoethyl and N-morpholinoethyl chloride hydrochlorides were obtained by the 
action of thionyl chloride on piperidinoethanol and morpholinoethanol, following the method of 
Landenberg (Ber., 1881, 14, 1877). 

Ethoxy- and methoxy-propylamines were prepared by the reduction of ethoxy- and methoxy- 
propionitriles, which were obtained by the method of Utermohlen (J. Amer. Chem. Soc., 1945, 
67, 1505). 

Condensation of N-piperidino- and morpholino-ethyl-N-alkoxypropylamines with ethyl chloro- 
formate yielded the ethoxycarbonyl derivatives, and similarly condensation of these amines with 
phenyl isocyanate and phenyl isothiocyanate in benzene afforded the corresponding phenylcarba- 
moyl] and phenylisothiocarbamoy] derivatives. 

EXPERIMENTAL 

N-Piperidinoethanol was prepared according to the method of Landenberg (loc. cit.) from 
piperidine (32 g.) and ethylene chlorohydrin (15 g.), b.p. 199°, yield 19 g. 

N-Morpholinoethanol was obtained according to the method of Cumming ef al. (Chem. 
Abs., 1940, 34, 4389) from morpholine (34 g.) and ethylene chlorohydrin (15.5 g.), b.p. 220°, 
yield 20 g. 

Piperidinoethyl chloride hydrochloride was prepared from N-piperidinoethanol (12 g.) and 
thionyl chloride, m.p. 226°, yield 14 g. 

N-Morpholinoethy! chloride hydrochloride was obtained from N-morpholinoethanol (8 g.) 
and thionyl chloride (8.5 g.), m.p. 180°, yield 10 g. 


At 
‘ 
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Ethoxypropionitrile was obtained according to the method of Utermohlen (loc. cit.) from 
ethanol (28 c.c.) and acrylonitrile (33 c.c.), b.p. 76°/25 mm, yield 34 c.c. 


Methoxypropionitrile was similarly prepared from methanol (20 c.c.) and acrylonitrile 
(33 c.c.), b.p. 84°/20 mm, yield 34 c.c. : 

Ethoxypropylamine was prepared by hydrogenating ethoxypropionitrile (30 g.) at 100° in a 
rocking bomb in presence of 400 c.c. of methanol, saturated with ammonia, and Raney nickel 
catalyst (3.5 g.) using hydrogen at an initial pressure of 100 atmospheres for 3 hours. The reaction 
mixture was filtered, methanol removed, and the amine was distilled, b:p. 133°, yield 13 g. 


Methoxypropylamine was similarly prepared from methoxypropionitrile (30 g."), using Raney 
nickel (3.5 g.), yield 12 g., b.p. 113-14°. 


8-(N'-Piperidino or or morpho- 
lino-ethyl chloride hydrochloride (1 M), anhydrous potassium carbonate (1.5 M) and ethanol 
(absolute, about 75 c.c./12 g. of hydrochloride) were mixed and cooled ; the ethoxy- or methoxy- 
propylamine (2.5 M) was added dropwise with stirring, and the reaction mixture was refluxed for 
6 hours, cooled and diluted with twice its volume of water; ethanol was removed and the 
aqueous solution was saturated with sodium chloride and extracted with ether. The ether extract 
was dried over anhydrous sodium carbonate. Ether was removed and the residue was distilled 
under reduced pressure. B.p., yield and analysis, etc. are recorded in Table I. 


TABLE | 
Propylamines. 
Ri. B.P./M.P. Yield. % Nitrogen. 
Found. Calc. 
CH, CH, Ro. 
R, — CH; — CH, — N< 
H 

Piperidino E 155°/5 mm 60% 12.5 12.9 
Piperidino M 150°/10 66 13.8 14.0 
Morpholino E 170°/5 49 12.4 12.9 
Morpholino M 165°/8 62 13.7 13.8 
CH, — Re. 

R, = CH, CH; —_ N 
Piperidino E 140°/5 mm 35 a3 9.7 
Piperidino M 115°/8 10.0 10.3 
Morpholino E 127°/5 37 9.9 10.1 
Morpholino M 135°/10 10.0 10.2 

— CH, — CH, —R, 
R, CH, CH, N 
CONH. Ph 
Piperidino E 196° 55 11.9 12.6 
Piperidino M 213° 65 12.9 13.1 
Morpholino E 118° 58 12.4 12.5 
Morpholino M 220° 65 12.7 13.0 
— CH, — CH, —R: 
R, CH, — CH, N 
INH. Ph 

Piperidino E 71-72° 44 11.5 12.0 
Piperidino M 82-83° 49 12.5 12.1 
Morpholino E 125° 65 11.8 11.9 
Morpholino M 114-15° 64 12.0 12.4 


N.B. E denotes ‘ethoxy’ and M, ‘methoxy’. 


+ 
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8-(N’-Piperidinoethyl or A 
mixture of N-piperidino- or N-morpholino-ethylalkoxypropylamine (0.1 M), anhydrous sodium 
carbonate (0.1 M), and ethanol (absolute, 50 c.c.) was stirred continuously and a solution of ethyl! 
chloroformate (0.066 M) in 20 c.c. ethanol was added dropwise over a-period of 2 hours. The 
reaction mixture was gently refluxed on a water bath with stirring for a further period of 3 hours, 
cooled, the solvent removed, and the residue taken up in a small quantity of dry ether ; the ether was 
removed and the residue distilled under reduced pressure. B. p., yield, analysis, etc. are recorded 
in Table I. 

B-(N'-Piperidinoethyl or 
N-Piperidino- or morpholino-ethylalkoxypropylamine (1 M) and phenyl isocyanate (1.1 M) were 
refluxed in dry benzene for 3 hours; benzene was removed, the residues were crystallised 
from petroleum ether, and recrystallised from a mixture of absolute ethanol and petroleum ether. 
M.p., yield, analysis, etc. are recorded in Table I. 

8-(N'-Piperidinoethyl or 
Phenyl isothiocyanate (1 M) was added to N-piperidino- or N-morpholino-ethylalkoxypropyl- 
amine (1 M) in benzene and the reaction mixture was refluxed for 5 hours : benzene was removed 
and the residues were crystallised from petroleum ether and then recrystali:sed from a mixture of 
absolute ethanol and petroleum-ether. M. p., yield, analysis, etc. are recorded in Table I. 


CHEMICAL LABORATORIES, 
Lucknow University, Lucknow. Received March 23, 1960. 
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HETEROCYCLIC COMPOUNDS. PART XXXV. KOSTANECKI ACETYLATION OF 
METHYL 2:4-DIHYDROXY-5-ACYL- AND -3-ACYL BENZOATES 


By R. D. Desal, B. M. DESAI AND J. I. DEsal 


Kostanecki acetylation of methyl 2:4-dihydroxy-5-butyryl,-5-propionyl, -3-propionyl- and -3-acetyl- benzoates is 
described. The chromones have been obtained in each case and identified as such by comparison with the authentic 
specimens. 

A vigorous acylation of o-hydroxyacetophenones by the Kostanecki reaction provides a useful 
method for the synthesis of chromones containing substituents in different positions. The attempt 
to utilise the Kostanecki reaction for the synthesis of chromones containing alkyl groups in the 
benzene nucleus was made by Wittig et al. (Annalen, 1926, 466, 178), who acetylated different subs- 
tituted phenols. Desai and Hamid (Proc. Ind. Acad. Sci., 1937, 6A, 287) and Desai and Desai 
(J. Sci. Ind. Res., 1954, 13B, 249) have synthesised chromones containing various alkyl groups 
in the benzene nucleus by the Kostanecki reaction from alkyl resacetophenones. 


Shah et al. (this Journal, 1942, 19, 487) studied the effect of groups like chloro, bromo and 
nitro in the resorcinol by heating the substituted o-hydroxyacetophenone with acetic anhydride and 
fused sodium acetate. 


It was thought of interest to synthesise chromones containing CO,H and CO,Me groups in 
the benzene nucleus. For synthesising these chromones methyl 2:4-dihydroxy-5-acetylbenzoate 
was prepared by Friedel and Crafts’ method as described by Desai and Radha (Proc. Ind. Acad. 
Sci., 1940, 1A, 46) and methyl 2:4-dihydroxy-3-acetylbenzoate, methyl 2:4-dihydroxy-5- 
propionylbenzoate and its *Y-isomer were prepared as described by Trivedi and Sethna (this Journal, 
1951, 28, 245; 1952, 29, 141). We also synthesised methyl 2:4-dihydroxy-5-butyrylbenzoate 
and its y-isomer by heating methyl 2:4-dihydroxybenzoate in presence of butyric anhydride and 
anhydrous aluminium chloride. The isomers were separated by treating the product with cold 
petroleum ether, and were characterised by preparing their 2:4-dinitrophenylhydrazones. 


Sethna and Parkhi (Proc. Indian Sci. Cong., 1955, Part III, p. 115) subjected methyl 2:4- 
dihydroxy-5-acetylbenzoate to the Kostanecki reaction and obtained only the diacetoxy derivative, 
while methyl 2:4-dihydroxy-3-acetylbenzoate gave a mixture of chromones. Simultaneously, we 
were also working on this line, and it was observed by us that the esters with the higher alkyl groups, 
such as methyl 2:4-dihydroxy-5-propionylbenzoate, when heated with acetic anhydride and fused 
sodium acetate, furnished 7-acetoxy-6-methoxycarbony]-2:3-dimethylchromone (I: R = COMe; 
R, = CO,Me; R, = Me). Hydrolysis of the above chromone by dilute ammonia afforded 
(I: R=H; R,=CO,Me; R,= Me), while 
7-hydroxy-6-carboxy-2:3-dimethylchromone (I: R =H; R, = COOH; R.= Me) was obtained on 
alkali hydrolysis in the cold. The decarboxylation of the last chromone furnished 7-hydroxy-2:3- 
dimethylchromone (I: R= R, = H; Rz = Me), which was identified by its m.p. and mixed m.p. 
with the authentic specimen prepared by the method of Canter ef al. (J. Chem. Soc., 1931,1255). 


Similarly, methyl 2:4-dihydroxy-5-butyrylbenzoate furnished 7-hydroxy-6-methoxycarbonyl- 
-3-ethyl-2-methylchromone (I: R= H; R, = CO,Me; Me). By alkali hydrolysis of the above 
chromone in the cold 7-hydroxy-6-carboxy-3-ethyl-2-methylchromone (I: R = H; R; = COOH; 
R, = Et) was obtained, which on decarboxylation afforded 7-hydroxy-3-ethyl-2-methylchromone 
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(I: R=R,=H; R,=Et). It was identified by its m.p. and mixed m.p. with the specimen 
prepared by the method of Canter ef all. (loc. cit.). 

The Kostanecki reaction of methyl 2:4-dihydroxy-3-propionylbenzoate furnished a mixture 
of three chromones : (a) 5-hydroxy-6-methoxycarbonyl-2:3-dimethylchromone (II: R,; =CO,Me; 
R, = Me), (6) 5-hydroxy-6-carboxy-2:3-dimethylchromone (II: R, = COOH; R, = Me), and (c) 
5-hydroxy-2:3-dimethylchromone (II: R,; =H; Re= Me). The chromones were separated as 
described in the Experimental. The chromone (a) on alkaline hydrolysis gave the chromone (6), 
which on decarboxylation furnished the chromone (c). It was identified as such by its m.p. and 
mixed m.p. with the specimen prepared by the method of Limaye and Kelkar (J. Chem. Soc., 
1937, 241). Similarly, methyl 2:4-dihydroxy-3-acetylbenzoate on the Kostanecki reaction 
furnished a mixture of three chromones: (d) 5-hydroxy-6-methoxycarbonyl-3-acetyl-2-methyl- 
chromone (II: R, = CO,Me; R, = COMe), (e) 5-hydroxy-6-carboxy-3-acetyl-2-methylchromone 
(II: R, = COOH; R, = COMe), and (f) 5-hydroxy-3-acetyl-2-methylchromone (II: R, = H; R. = 
COMe). These were separated as described in the Experimental. The chromone (d) on alkaline 
hydrolysis in the cold furnished the chromone (e) which on decarboxylation and subsequent 
deacetylation afforded 5-hydroxy-2-methylchromone. The same chromone was obtained on decar- 
boxylation and deacetylation of the chromone (e). These were identified by comparing with the 
specimen prepared by the method as described by Limaye and Kelkar (loc. cit.). 


O 
RO a Me (y Me 
C.R. C. R, 
I 
O 
(1) . 
R = H, COMe. R,= CO,Me, COOH, H. 
CO.Me, COOH, H. R,= H, COMe, Me. 
Me, Et. 
EXPERIMENTAL 


Methyl 2:4-Dihydroxy-5-butyrylbenzoate and Methyl 2:4-Dihydroxy-3-butyrylbenzoate 

To a solution of methyl! 2:4-dihydroxybenzoate (8.4 g.) in dry nitrobenzene (20 c.c.) a solution 
of anhydrous aluminium chloride (13.6 g.) in dry nitrobenzene (50 c.c.) was added. Butyric 
anhydride (7.5 g.) was slowly added to the above mixture, and after heating in a water bath for 4 
hours it was poured on ice-cold HCI (dil.). Nitrobenzene was removed by steam distillation, 
which was continued further to obtain the steam volatile product (2.2 g.). 

The solid was treated with petroleum ether (b.p. 40-80°, 30 c.c.) in cold, and filtered. The 
insoluble residue was crystallised from dilute ethanol in white needles, m.p. 90° (1.8 g.). It was 
found to be methyl /2:4-dihydroxy-5-butyrylbenzoate (8-isomer). (Found: C, 60.6; H, 5.84. 
C,2H,,O; requires C, 60.5; H, 5.88%). 

2:4-Dinitrophenylhydrazone of the keto-ester, prepared in the usual manner, was crystallised 
from ethanol in microcrystals, m.p. 283°. (Found : N, 13.2. C,gH,OsNq requires N, 13.4%). 

2:4-Dihydroxy-5-butyrylbenzoic acid was obtained by hydrolysing the keto-ester with 10% 
NaOH solution. It was crystallised from dilute ethanol in tiny plates, m.p. 199°. (Found: C, 
59.0; H, 5.3. C,,H,,0; requires C, 58.9; H, 5.4%). 
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The decarboxylation of the keto-ester afforded 4-butyrylresorcinol, m.p. 69°, undepressed by 
admixture with the authentic sample. 


The petroleum ether extract on evaporation furnished a solid which crystallised “ae ethanol 
in white, woolly needles, m.p. 69° (0.5 g.), depressed to 52° by admixture with the 8-isomer. It was 
methyl 2:4-dihydroxy-3-butyrylbenzoate. (Found: C, 60.3; H, 5.85. C,sH,,O; requires C, 
60.5; H, 5.88%). 


2:4-Dinitrophenylhydrazone of the keto-ester (y-isomer) crystallised from ethanol in tiny plates, 
m.p. 270°. (Found: N, 13.3. CygH,sO.N, requires N, 13.4%). 


2:4-Dihydroxy-3-butyrylbenzoic acid was obtained by hydrolysis of the keto-ester by 10% 
NaOH solution. It was crystallised from ethanol in small sca m.p. 182°. (Found: C, 58.8; 
H, 5.5. C,,;H,20; requires C, 58.9; H, 5.4%). 


The decarboxylation of the same ester afforded 2-butyrylresorcinol, m.p. 15° , undepressed 

by admixture with the authentic specimen. 
Kostanecki Acetylation of Methyl 2:4-Dihydroxy-5-propionylbenzoate 

To the mixture of anhydrous sodium acetate (2.0 g.) and the keto-ester (1.0 g.) acetic anhydride 
(12 c.c.) and 4-5 drops of pyridine were added. The mixture, after heating in an oil bath at 140-50° 
for 16 hours, was poured in water. The solid’ was first treated with 5% NaHCO, solution, followed 
by 5% NaOH solution, to remove acidic products. The residue was crystallised from methanol 
jn shining yellow needles, m.p. 126.° It gave no colour reaction with ferric chloride. It was found 
to be 7-acetoxy-6-methoxycarbonyl-2:3-dimethylchromone. (Found: C, 62.00; H, 4.84. 
C,;H,,O, requires C, 62.10; H, 4.83%). 


7-Hydroxy-6-methoxycarbonyl-2:3-dimethylchromone was obtained by treating the above acetoxy- 
chromone (0.5 g.) with dilute ammonia for 2 hours, and acidifying the solution. The solid crystal- 
lised from dilute ethanol in shining plates, m.p. 208°. it dissolves completely in 5% NaOH 
solution and develops a red colour with ferric chloride. (Found: C, 60.2; H, 4.76. C,3H,,O; 
requires C, 60.5; H, 4.65%). 

7-Hydroxy-6-carboxy-2:3-dimethylchromone was obtained by keeping overnight the above 
hydroxychromone in 5% NaOH solution, and acidifying the alkaline solution. It was crystallised 
from ethanol in brown needles, m.p. 294°. It dissolves with effervescence of carbon dioxide in 
5% sodium bicarbonate solution and forms a reddish colour with ferric chloride. (Found: C, 
69.5; H, 5.11. CHO; requires C, 69.46; H, 5.14%). 

Hydrolysis of this chromone with 10% NaOH solution afforded 2:4-dihydroxy-5-propionyl- 
benzoic acid, m.p. 260°, and decarboxylation of the same chromone yielded 7-hydroxy-2:3-dimethyl- 
chromone, m.p. 262°. The mixed m.p. with the authentic specimens remained undepressed. 

Kostanecki Acetylation of Methyl 2:4-Dihydroxy-5-butyrylbenzoate 

A mixture of 5-butyryl keto-ester (1.0 g.), acetic anhydride (10 c.c.), fused sodium acetate (2.0 
g.) and 4-5 drops of pyridine was heated at 140-50° for 16 hours. The product on purification 
crystallised from ethanol in lustrous rhombic plates, m.p. 138°. It is insoluble in sodium bicar- 
bonate solution but soluble in 5% NaOH solution. It develops a red colour with ferric 
chloride solution. It was found to be 7-hydroxy-6-methoxycarbonyl-3-ethyl-2-methylchromone. 
(Found: C, 64.25; H, 5.2. C,4H,O; requires C, 64.12; H, 5.4%). 


7-Hydroxy-6-carboxy-3-ethyl-2-methylchromone was obtained from the above chromone by 
keeping it in 5% NaOH solution, and acidifying it. It was crystallised from dilute ethanol in brown 
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needles, m.p. 284°. It dissolves with effervescence in 5% NaHCO; solution and develops a red 
colour with ferric chloride. (Found: C, 63.0; H, 4.9. C,3H,,O; requires C, 62.9; H, 4.84%). 


Hydrolysis of the carboxychromone with 10% NaOH solution afforded 2:4-dihydroxy-5- 
butyrylbenzoic acid, which crystallised from dilute ethanol in tiny needles, m.p. 199°, while 
decarboxylation of .the same chromone furnished a solid which was crystallised from ethanol in 
prismatic needles, m.p. 238°. It was shown to be 7-hydroxy-3-ethyl-2-methylchromone by its 
mixed m.p. with an authentic specimen. 


Kostanecki Acetylation of Methyl 2:4-Dihydroxy-3-acetylbenzoate 


Acetylation was carried out under usual conditions. The crude product was dissolved in 5% 
NaHCO, solution, and filtered. The alkaline solution on acidification afforded a solid which was 
crystallised from dilute ethanot in tiny needles, m.p. 247°. It is also soluble in 5% NaOH and 
sodium carbonate solutions, and develops a red colour with ferric chloride. It was found to be 
5-hydroxy-6-carboxy-3-acetyl-2-methylchromone. (Found: C, 59.5; H, 3.9. Cy3H,O, requires 
C, 59.4; H, 3.82%). 


The residue, insoluble in sodium bicarbonate solution, was treated with 5% Na ,CO,- solution 
in cold for 4 hours, and filtered. The clear solution on acidification gave a solid which was 
crystallised from dilute ethanol in yellowish microcystals, m.p. 143°. It shows a red colour with 
ferric chloride solution and a brown colour in H,SO, (conc.). It was 5-hydroxy-3-acetyl-2-methyl- 
chromone. (Found: C, 59.9; H, 4.5. Cy2H oO, requires C, 60.1; H, 4.6%). 


The residue, insoluble in sodium carbonate solution, was crystallised from ethanol in brown 
microcrystals, m.p. 122°. _ It is completely soluble in 5% NaOH solution and shows a red colour 
with ferric chloride solution. It was found to be 5-hydroxy-6-methoxycarbonyl-3-acetyl-2- 
methylchromone. (Found: C, 60.7; H, 3.52. C,gH,2O, requires C, 60.9; H, 4.45%). 


Hydrolysis of the above chromone with 5% NaOH solution afforded 5-hydroxy-6-carboxy-3- 
acetyl-2-methylchromone, crystallised’ from ethanol in small needles, m.p. 242°; while hydrolysis 
’ with 10% NaOH gave 2:4-dihydroxy-3-acetylbenzoic acid, m.p. 199°. Decarboxylation of the 
same chromone furnished 5-hydroxy-3-acetyl-2-methylchromone which crystallised from ethanol 
in yellow needles, m.p. 143°. The mixed m.p. of these products with authentic specimens 
remained undepressed. 


Kostanecki Acetylation of Methyl 2:4-Dihydroxy-3-propionylbenzoate 
The reaction was carried out under usual conditions. The product after removal of unchanged 
components was kept overnight in 5% NaHCO; solution, and then filtered. The solution on acidi- 
fication furnished a solid which was crystallised from ethanol in small plates, m.p. 240°. It 
develops a red colour with ferric chloride. It was found to be 5-hydroxy-6-carboxy-2:3-dimethyl- 
chromone. (Found: C, 61.12; H, 4.22. CsHiO; requires C, 61.58; H, 4.27%). 


The residue, insoluble in sodium bicarbonate solution, was treated with 5% Na,CO,; solution 
in cold, and then filtered. The filtrate on acidification gave a solid which was crystallised from 
dilute ethanol in tiny plates, m.p. 154°. It is soluble in 5% NaOH solution and in H,SO, (conc.); 
it produces a red colour with ferric chloride. It was 5-hydroxy-2:3-dimethylchromone. 


The residue, insoluble also in sodium carbonate solution, was found to be 5-hydroxy-6-methoxy- 
carbonyl-2:3-dimethylchromone, m.p. 136°. It is easily soluble in NaOH solution and develops 
a yellow colour with H,SO, (conc.). (Found: C, 62.7; H, 4.7. CysH,:0, requires C, 62.9; 
H, 4.8%). 
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Hydrolysis of the above chromone with 5% NaOH solution yielded 5-hydroxy-6-carboxy-2:3- 
dimethylchromone which crystallised from ethanol in small needles, m.p. 240°. It dissolves with 
effervescence in sodium bicarbonate solution, and exhibits a red colour with ferric chloride. (Found: 
C, 61.62; H, 4.3. C,sH,9O; requires C, 61.55; H, 4.2%). 

Hydrolysis of the same chromone with 10% NaOH solution gave 2:4-dihydroxy-3-propionyl- 
benzoic acid, m.p. 182°. The same acid was also obtained by the vigorous hydrolysis of 5-hydroxy- 
-6-carboxy-2:3-dimethylchromone. 

Authors’ thanks are due to the Ahmedabad Education Society for providing facilities. 


Cuemistry DepaRTMENT, 
M. G. Science Institute, Received April 6, 1960. 
AHMEDABAD-9. 
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needles, m.p. 284°. It dissolves with effervescence in 5% NaHCO; solution and develops a red 
colour with ferric chloride. (Found: C, 63.0; H, 4.9. C,3H,,0; requires C, 62.9; H, 4.84%). 


Hydrolysis of the carboxychromone with 10% NaOH solution afforded 2:4-dihydroxy-5- 
butyrylbenzoic acid, which crystallised from dilute ethanol in tiny needles, m.p. 199°, while 
decarboxylation of the same chromone furnished a solid which was crystallised from ethanol in 
prismatic needles, m.p. 238°. It was shown to be 7-hydroxy-3-ethyl-2-methylchromone by its 
mixed m.p. with an authentic specimen. 


Kostanecki Acetylation of Methyl 2:4-Dihydroxy-3-acetylbenzoate 


Acetylation was carried out under usual conditions. The crude product was dissolved in 5% 
NaHCO, solution, and filtered. The alkaline solution on acidification afforded a solid which was 
crystallised from dilute ethanol in tiny needles, m.p. 247°. _It is also soluble in 5% NaOH and 
sodium carbonate solutions, and develops a red colour with ferric chloride. It was found to be 
5-hydroxy-6-carboxy-3-acetyl-2-methylchromone. (Found: C, 59.5; H, 3.9. Cy,3HiO, requires 
C, 59.4; H, 3.82%). 


The residue, insoluble in sodium bicarbonate solution, was treated with 5% Na ,CO, solution 
in cold for 4 hours, and filtered. The clear solution on acidification gave a solid which was 
crystallised from dilute ethanol in yellowish microcystals, m.p. 143°. It shows a red colour with 
ferric chloride solution and a brown colour in H,SQ, (conc.). It was 5-hydroxy-3-acetyl-2-methyl- 
chromone. (Found: C, 59.9; H, 4.5. Cy,2HyoO, requires C, 60.1; H, 4.6%). 


The residue, insoluble in sodium carbonate solution, was crystallised from ethanol in brown 
microcrystals, m.p. 122°. _It is completely soluble in 5% NaOH solution and shows a red colour 
with ferric chloride solution. It was found to be 5-hydroxy-6-methoxycarbonyl-3-acetyl-2- 
methylchromone. (Found: C, 60.7; H, 3.52. CygH,2O, requires C, 60.9; H, 4.45%). 


Hydrolysis of the above chromone with 5% NaOH solution afforded 5-hydroxy-6-carboxy-3- 
acetyl-2-methylchromone, crystallised from ethanol in small needles, m.p. 242°; while hydrolysis 
* with 10% NaOH gave 2:4-dihydroxy-3-acetylbenzoic acid, m.p. 199°. Decarboxylation of the 
same chromone furnished 5-hydroxy-3-acetyl-2-methylchromone which crystallised from ethanol 
in yellow needles, m.p. 143°. The mixed m.p. of these products with authentic specimens 
remained undepressed. 


Kostanecki Acetylation of Methyl 2:4-Dihydroxy-3-propionylbenzoate 


The reaction was carried out under usual conditions. The product after removal of unchanged 
components was kept overnight in 5% NaHCO, solution, and then filtered. The solution on acidi- 
fication furnished a solid which was crystallised from ethanol in small plates, m.p. 240°. It 
develops a red colour with ferric chloride. It was found to be 5-hydroxy-6-carboxy-2:3-dimethyl- 
chromone. (Found: C, 61.12; H, 4.22. C,2H oO; requires C, 61.58; H, 4.27%). 


The residue, insoluble in sodium bicarbonate solution, was treated with 5% Na,CO, solution 
in cold, and then filtered. The filtrate on acidification gave a solid which was crystallised from 
dilute ethanol in tiny plates, m.p. 154°. It is soluble in 5% NaOH solution and in H,SO, (conc.); 
it produces a red colour with ferric chloride. It was 5-hydroxy-2:3-dimethylchromone. 


The residue, insoluble also in sodium carbonate solution, was found to be 5-hydroxy-6-methoxy- 
carbonyl-2:3-dimethylchromone, m.p. 136°. It is easily soluble in NaOH solution and develops 
a yellow colour with H,SO, (conc.). (Found: C, 62.7; H, 4.7. CysH20; requires C, 62.9; 
H, 4.8%). 
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Hydrolysis of the above chromone with 5% NaOH solution yielded 5-hydroxy-6-carboxy-2:3- 
dimethylchromone which crystallised from ethanol in small needles, m.p. 240°. It dissolves with 
effervescence in sodium bicarbonate solution, and exhibits a red colour with ferric chloride. (Found: 
C, 61.62; H, 4.3. C,sHyO; requires C, 61.55; H, 4.2%). 

Hydrolysis of the same chromone with 10% NaOH solution gave 2:4-dihydroxy-3-propionyl- 
benzoic acid, m.p. 182°. The same acid was also obtained by the vigorous hydrolysis of 5-hydroxy- 
-6-carboxy-2:3-dimethylchromone. 

Authors’ thanks are due to the Ahmedabad Education Society for providing facilities. 
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A STUDY OF OPTIMUM CONDITIONS IN THE SYNTHESIS OF — 
2’: 3: 4’-TRIHYDROXYCHALKONE AND 2’: 4: 4’- 
TRIHYDROXY-3-METHOXYCHALKONE 


By DurGA NATH DHAR* 
Claisen-Schmidt condensation, has been made. 

In continuation of the previous work on chalkones (Dhar and Lal, J. Org. Chem., 1958, 23, 
1159), it was felt of interest to study the effect of several factors, e.g., reaction time, temperature and 
solvent, on the yield of some hydroxychalkones. Two chalkones, viz., 2’ : 3: 4’-trihydroxychalkone 
and 2’: 4: 4'-trihydroxy-3-methoxychalkone, were chosen as the model compounds. 

2’: 3: 4'-Trihydroxychalkone was prepared by the Claisen-Schmidt reaction according to 
the procedure of Kostanecki and Rossbach (Ber., 1896, 29, 1488). The chalkone crystallised from 
a mixture of benzene-ethanol in yellow microneedles, m.p. 216-17° (uncorr.) (Tambor, Ber., 
1916, 49, 1704, reported m.p. 209°). A mixture of 2’: 3: 4’-trihydroxychalkone and 3’: 7- 
dihydroxyflavanone resulted when the above condensation was carried out at 50-55° for 24 hours 
(8 hours per day for 3 days). 

2': 4: 4'-Trihydroxy-3-methoxychalkone was prepared as described previously (Dhar and 
Lal, loc. cit.). 

The yields of the above chalkones under different experimental conditions* are recorded in 
Tables I and II. 


TABLE | 
2': 3: 4'-Trihydroxychalkone. 
Resacetophenone=| g. m-Hydroxybenzaldehyde=0.8 g. 

Expt. No. Solvent (12.5 c.c.) Condensing agent. Condensed for. Tigi: of 
1 Ethanol KOH/H,O (5g./5 c.c.) 2 hrs. 0.35g. 20.8% 
F Do Do 4 0.48 28.6 
3 Methanol Do 2 0.24 143 
4. Ethylene glycol De = 0.53 31.5 
5. Ethylene glycol-water (1:1) Do m 0.65 38.7 
6. Water Do a 0.67 39.9 
7. Ethanol NaOH/H,O (5¢./5c.c.) 0.10 59 
8. Do NaOEt/EtOH } * 

Na (2g.) in ethanol 

(28.6c.c.) 
9. Methanol NaOMe/MeOH } 

Na (2g.) in methanol 

(28.6c.c.) 
10. Ethanol KOH/H,O (5g./5 c.c.) és 0.56 333 
Ih. Do 24 0.46 27.3 

(at room temp.) 

12. Do (5g./15 c.c.) 2 0.18 10.7 
13. (10g./17.5 cc.) 0.32 19.0 
14. (10 g./8.8 0.10 59 


* Present address: Division of Medicinal Chemistry, Central Drug Research Institute, Lucknow. 
** The yield has been calculated on the weight of the chalkone melting at 209-13°. 
+ All the experiments were carried out at 60° unless otherwise stated. 
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TABLE II . 
2’: 4: 4'-Trihydroxy-3-methoxychalkone. 
Resacetophenone=5 g. Vanillin=5 g. 
Expt. KOH/H,O. MeOH Ethylene Initialtemp. Duration of Condensed for. Yield of chalkone. 
No. heating. 


(g./c.c.) glycol to start reaction. i 
1. 88/140 9 days 0.79 g. 8.4% 
60-65° 32 mins. 1.75 18.6 
3. 475% 6 weeks 2.82 30.8 
4. 88/140 60 c.c. days 0.58 6.2 
5. weeks 1.97 21.0 
6. 475% . 1.28 13.8 
7. 88/140 Mec. 5° 1.5 hrs. 8 days 1.72 18.3 
8. é Do 0.95 10.1 
9. 47.5% 6 weeks 1.14 12.1 
10. 88/140 100 be | week 0.50 5.4 
il 80 95° 20 mins. 24 hrs. 0.44 49 


Examination of Table I indicates the following : 

(i) Reaction time: The yield of the chalkone increases on increasing the reaction period 
from 2 to 4 hours (cf. Expt. | and 2). 

(ii) Solvent : Using different solvents as reaction medium, the yield of the chalkone varies 


in the order : water > ethylene glycol-water > ethylene glycol > ethanol > methanol (cf. Expt. 
1, 3, 4, 5 and 6). 


(iti) Condensing agent : Aqueous potassium hydroxide is preferable to sodium hydroxide, 
as the use of the latter affords the chalkone of low purity and in a poor yield (cf. Expt. 1, 7, 
8 and 9). 


(iv) Concentration of the condensing agent: Increasing the concentration of the condensing 
agent, up to a certain limit, results in increase in the yield of the chalkone and vice versa (cf. Expt. 
1 and 12; 13 and 14). 


(v) Effect of using excess m-hydroxybenzaldehyde : The use of the aldehyde in excess than 
the stoichiometric proportion in the Claisen-Schimdt reaction results in an increase in the yield 
of the chalkone (cf. Expt. | and 10). 

(vi) Temperature : Higher temperature exerts a favourable influence in bringing about the 
reaction in a relatively short time. However, no significant difference in the yield of the chalkone 


is apparent when the reaction is conducted at room temperature for a prolonged period (cf. Expt. 
2 and 11). 


Examination of Table II indicates the following : 
(1) Solvent: Ethanol does not appear to be a good reaction medium in this condensation 
as the chalkone invariably separates as an oil, which is difficult to crystallise. Ethylene glycol and 


= 
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water, however, are suitable as solvents (cf. Expt. |, 2, 7 and 8); but the use of the latter is 
advantageous when the reaction is carried out over a prolonged period (cf. Expt. 3, 6 and 9). 
(2) Reaction time: The yield of the chalkone appears to increase by increasing the period 
of condensation (cf. Expt. 3, 4 and 5). 
(3) Temperature: In the foregoing condensation, involving the use of ethylene glycol or 
water as a reaction medium, the initial heating of the reaction mixture for a short time results in 
increase in the yield of the chalkone (cf. Expt. 2 and 7). 


The author wishes to thank the Govt. of India, Ministry of Scientific Research & Cultural 
Affairs, for the award of a senior research scholarship, and to Dr. J. B. Lal for his interest in this 
work. 
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GUANYLALKYLUREAS AND THEIR METALLIC COMPLEXES. PART IV. 
INSTABILITY CONSTANTS OF COPPER AND NICKEL COMPLEXES 


By R. L. DuTTA 


Instability constants of the copper and nickel complexes of guanylurea, guanylmethylurea and guanylethylurea have 
been determined from a study of their formation reactions by means of spectrophotometric measurements. The copper 
guanylurea complexes like the copper biguanide complexes are found to be formed in two successive steps : (1) a deep blue 
mono-guanylurea complex and (2) a rose-red bis-guanylurea complex. The formation of the nickel bis-guanylurea com- 
plexes on the other hand takes place in a single step. as Geegaone stagione lee been found to be far more 
stable than those of guanylurea. 


A study of the synthesis of guanylalkylureas and the preparation of the copper and nickel 
complexes of these reagents have been recorded in the earlier parts of this series (this Journal, 
1959, 36, 499, 567, 576). It has been observed therein that the guanylalkylureas give rise to stable 
complexes with copper and nickel ions, which unlike the complex bases of the parent ligand do 
not decompose when their aqueous or aqueous-alcoholic solutions are boiled. 


With a view to determining the stability of these complexes, a physico-chemical examination 
of the copper and nickel complexes of guanylmethylurea and of guanylethylurea was undertaken. 
Due to insolubility of the copper and nickel complexes of the guanyl-(n & iso)butyl and 
of guanylhexylurea in water, these were found unsuitable for physico-chemical measurements 
in aqueous medium. Qualitative observations in ethanolic medium in which the complexes 
are soluble, however, showed that the pH range of their formation was almost the same as that 
for the guanylmethylurea and guanylethylurea complexes. For the purpose of comparison the 
copper complex of the parent ligand, simple guanylurea, was also studied. The nickel complex 
of guanylurea could not be examined as the complex is known only in the form of its insoluble 
base (cf. Ray and Bandopadhyay, this Journal, 1952, 29, 865). 

The acid dissociation constants of guanylurea, guanylmethyl-, -ethyl-, -butyl'-, -amyl'- 
and -hexyl"-ureas have been determined following the method of Bjerrum (“Metal Ammine Forma- 
tion in Aqueous Solution’, P. Haase and Sons, Copenhagen, 1941; cf. Das Sarma, this Journal, 
1952, 29, 217). 

In solution guanylalkylureas may be present in three forms: GauH, GauH} and GauH3?* 
depending on the acidity of the medium. In low acid concentration it occurs mostly as GauH$, 
the concentration of GauH3* ion being negligible. Therefore : 

[GauH] [H*] [GauH}3] [H*] 


[GauH#] {GauH?*] 


Measurements were made with a low concentration of the reactants in presence of 0.1M-KCI 
for maintaining a constant ionic strength. 

The values of ka, and ka, were obtained from the formation curves traced by plotting 7% 
against the pH values (Fig. 1), when 7 = 0.5 and 1.5 respectively. 
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The values of the first acid dissociation constant (ha,) of guanylurea is of the order of 10 9 
while that of the guanylalkylureas is of the order of 10-". This indicates that guanylurea 


Fic. | 
Acid dissociation constant of guanylureas. 
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A. Guanylurea. 
ethylurea hydrochloride. The peak in the Job’s curve (optical density against mole fraction of the 


reagent) corresponds to a composition of 1:1. 
_ carried out in the case of simple guanylurea, as at the comparatively high pH of its formation (above 


is far weaker as a base than the guanylalkylureas, 
which again are somewhat weaker than biguanide 
and substituted biguanides (ka, = 10-"*). 


Copper-guanylalkylurea System 


A series of solutions containing copper 
chloride and guanylalkylurea hydrochloride in 
the molar ratio of about 1:4 (i.e., in excess over 
the stoichiometric values for the formation of the 
bis-complex) were adjusted to different pH values. 
On increasing the pH of the system the green 
colour of the initial solution turned deep blue. 
The formation of the blue colour was found to 
be complete at pH 4.0. The unsubstituted 
guanylurea was also found to form a blue copper 
complex at pH above 6.0, but only in the presence 
of a larger concentration of the ligand (1:8). 
The blue complex gives an absorption maximum 
in the region of 650-660my. This corresponds 
to the formation of a copper mono-guanylurea com- 
plex as established by Job’s method of continued 
variation between equimolecular solutions of 
cupric chloride and guanylmethylurea or guanyl- 


A similar experiment, however, could not be 


6.0) it was found difficult to avoid precipitation’ of copper hydroxide in the solution with smaller 
reagent concentration. A few of these blue copper mono-guanylalkylurea complexes have been 


isolated, and their properties studied 
(vide Part II, loc. cit.). With in- 
creasing pH the blue colour gradually 
changed to red-violet. This red- 
violet solution showed its absorption 
maximum in the region 530-540 mu 


(Fig. 2). The formation of this = f 


92F 


coloured complex was complete at a © 
pH 68 for guanylmethylurea and © 
guanylethylurea, but for the unsubs- q 
tituted guanylurea it required a© 
higher pH of 7.5. Molar extinction 
coefficients were therefore obtained 
from the optical density of solutions 
at 660 my for the mono-complex and 
at 540 my for the bis-complex at the 

. optimum pH of their formation. 


Absorption spectra of Cu & Ni guanylmethylurea chlorides. 


Fic. 2 
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A. Copper mono-guanylmethylurea chloride (0.00496 M). 
B. Copper bis-guanylmethylurea chloride (0.00248 M). 
C. Nickel bis-guanylmethylurea chloride (0.002445 M). 
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These spectrophotometric studies reveal the formation of the copper complexes in two 
stages : (1) the first step involves an equilibrium between aquo-cupric ion or rather chlorocupric 
ion and copper mono-guanylurea, and (2) the second between copper mono- guanylurea and: copper 
bis-guanylurea. 

It may be noted here that measurements could not be made in solutions containing perchlorate 
or nitrate anions as the corresponding complex copper salts were precipitated. All experiments were 
therefore carried out at a constant ionic strength of 0.1M-KCI, and using copper chloride. A higher 
concentration of KC] resulted in the salting out of the complex chlorides. Absorption due to any 
chloro-cupric ion was, however, ignored at the concentration of the chloride ion employed. A 
critical discussion on this point has been made by Ray and Ray (this Journal, 1959, 36, 849). 


Nickel-guanylalkylurea System 

Unlike copper complex, the formation of nickel guanylalkylurea complex occurred in a single 
stage. The absorption peak of the nickel bis-guanylalkylurea lies at 440-450 my. at pH 6.0, when the 
solution turns orange-yellow (Fig. 2). For guanylmethylurea and guanylethylurea the forma- 
tion of the nickel complex was complete above pH 7.4. Molar extinction coefficients were evaluated 
at 440 mu from the optical density at pH 7.4. 

The concentration of any coloured species (A or B) in a system in equilibrium can be 
calculated from the following equation (cf. Ray and Ray, loc cit.) : 


C=Ca+Cez 
€a — €B 
where € and C signify respectively the molar extinction coefficients and concentrations of the 
coloured species, and D, the optical density. 
Instability Constants 

Copper Complexes.— For copper the system gives rise to the complexes [Cu (GauH)]*’ and 

[Cu (GauH),]?*, depending on the pH of the mixture. 
Cu?* + GauH} = [Cu (GauH)]** + H* 
[Cu (GauH)]?* + GauH} == [Cu (GauH),]** + 
The equilibrium constants for these two reactions are given by : 
kf,’ = [Cu (GauH)?*] [H*] [Gu (GauH)3*][H*] . 
[Cu**] [GauH3] (Cu (GauH)?*] (GauH? 

The evaluation of kf,’ and kf,’ from the optical density measurements was made as follows : 

Let « = total metal, 8 = total guanylurea, C, = conc. of the mono-complex [Cu (GauH)?*}, 
and C, = conc. of the bis-complex [Cu (GauH)*}]. Therefore, 

The concentration of GauH? was calculated from a knowledge of the acid dissociation cons- 

tants of guanylureas in a manner similar to that of the biguanides (cf. Ray and Ray, loc. cit.). Thus 
th = 
(«—G) @ —«—C,) 
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The instability constants of the complexes were derived from the following equilibrium 
reactions : 
[Cu (GauH)]?* == Cu?* + GauH 
[Cu (GauH),}?* === [Cu (GauH)]** + GauH. 
The successive instability constants are given by 


_ [Cu] [Gaul] _ | 
and Ka= hay 
where ka, is the first acid dissociation constant of the ligand. 
(ka,)* 


Hence, overall instability constant, K = kyke = hf,’ x Bh ° 


Nickel Complex.—Nickel reacts with guanylalkylureas in a single step to form the bis-gua- 
nylalkylurea complexes. 
+ 2 GauwH* == [Ni (GauH),]** + 2H™. 
The equilibrium constant for the reaction is given by : 


[Ni (GauH!)?*] [H*]? 


w= [Ni*] 
Le. kf @—C)@ (vide copper) 


where C, = conc. of nickel complex. 
Therefore the instability constant K of the nickel complex is derived from : 
[Ni (GauH,)]** == Ni?* + 2 GauH 


[N?*][GauH}? _ 

The following values for the overall mstability constants were thus obtained : copper guanyl- 
urea, 6.1 x 10-8; copper guanylmethylurea, 1.02 < 10-"*; copper guanylethylurea, 4.97 x 10-"*; 
nickel guanylmethylurea, 5.5 10-™; nickel guanylethylurea, 1.55 x 10-1”. 

Thus it is evident that copper complex of the parent ligand is far less stable as compared to 
those of the guanylalkylureas, which are close to the biguanide complexes (K of the order of 10~). 
* Similarly, the nickel complexes of the guanylalkylureas are also quite stable, the instability 
constant being a little less than those of the corresponding biguanide complexes (K of the order of 
10-*4). That the nickel complex of unsubstituted guanylurea is far weaker is shown by the fact 
that no salt of the complex nickel base could be prepared (Ray and Bandopadhyay, loc. cit.). 

EXPERIMENTAL 
Acid Dissociation Constants of Guanylurea and of Guanylalkylureas 

0.05M Guanylurea hydrochloride solution (10 c.c.) was taken in each of several 50 c.c. 
volumetric flasks along with 5 c.c. of KCI (1M) solution, and these were treated with varying 
quantities of standard hydrochloric acid or sodium hydroxide solution as was necessary, and the 
volume made up to the mark. The resulting solutions were allowed to stand at room temperature 
(30° + 2°) and the pH values of the solutions were measured next day with a Cambridge pH meter. 
For pH up to 9, a glass electrode was used and an alkali glass electrode for pH above 9. The values 
of kg, and kg, were obtained from the 7 values plotted against pH (Fig. 1).* 

* Only a few representative curves have been presented. 


and is given by 


: 

‘ 
. 

4 


GUANYLALKYLUREAS AND THEIR METALLIC COMPLEXES 503 


TABLE A 
ka, hay. 
6.31 x 10-* 1.58 x 
3.98 x 1.34 x 10-* 
Guanylethylurea 0.79 x 10-" 0.63 x 10-* 
Guanylbutyl‘urea 1.59 x 10-% 1.26 x 10-* 
Guanylamyliurea 5.02 10-" 1.26 x 10-* 
5.02 » 10-" 0.56 x 
Instability Constants of Metal Complexes 


Metal chloride solution of known strength and that of the ligand hydrochloride were mixed in 
the molar ratio (1:4 for the copper complexes and 1:6 for the nickel complexes) in 50 c.c. volumetric 
flasks. A large excess of the reagent (1:8) had to be used in the case of unsubstituted guanylurea 
to prevent hydrolysis of its copper complex. The pH values of the solutions were adjusted to * 
different levels by the addition of necessary amount of alkali. KCl was added*to maintain a 
final ionic strength of 0.1M. The pH and the absorption spectra (Unicam SP 600) of solutions 
were measured after 6 hrs. The results are recorded in the following tables. 


TABLE | 


Formation of copper mono-guanylmethylurea (Fig. 3,A). 
a= 0.,00496M, = S04. 
8=0.01500M. <«c¢?* =5.0. 


pH. Optical C.. C-e-C, 
density (1 cm). ‘ 
free metal), urea. 
z= C,. 
3.10 0.050 0.000920 0.004040 0.014080 0.008360 2.046 
3.20 0.058 0.001211 0.003750 0.013789 0.009376 2.181 
3.30 0.070 0.001650 0.003310 0.013350 0.009716 2.571 
3.40 0.078 0.001941 0.003020 0.013059 0.010070 2.541 
3.50 0.088 0.002307 0.002653 0.012693 0.010270 2.683 
3.60 0.100 0.002744 0.002216 0.012256 0.010330 3.007 
3.70 0.108 0.003036 0.001924 0.011964 0.010410 3.024 
3.80 0.116 0.003330 0.001630 0.011670 0.010440 3.113 
kf,' (average) = 2.646 x 10-*, 
k, = 1.504 x 10-*. 
TABLE II 
Formation of copper bis-guanylmethylurea (Fig. 3,B). 
= 0.,00248M. € cubic = 43.4. 
B =0.01000M. —€ Cu-mono-guanylmethylurea = 12.1. 
KCI = 0.1M. Wave length of measurements = 540 mu. 
pH. i C. x = GauH,*. kf.’ x 10. 
cm) 2 1 2 2 
5.40 0.065 0.001119 0.001361 0.006411 5.105 
5.50 0.070 0.001278 0.001202 0.006242 5.387 
5.60 0.075 0.001438 0.001042 0.006082 5.701 
5.70 0.079 0.001566 0.000914 0.005954 5.742 
5.80 0.083 0.001693 0.000787 0.005827 5.852 
5.90 0.088 0.001853 0.000626 0.005668 6.575 
6.00 0.091 0.001949 0.000531 0.005571 6.588 
hf,’ (average) = 5.85 x 10-*. 
= 6.803 x 10-°. 


Overall instability constant = = 1.02 x 10-**. 


KCI = 0.1M. Wave length of measurement = 660 mu. 
. 
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TABLE III 
Formation of nickel bis-guanylmethylurea (Fig. 3,C). 
“a= 0.002445M € Ni bis-guanylmethylurea 55.2. 
8 = 0.01500M. €n2* = 1.0. 
KCI = 0.1M. Wave length of measurements = 440 mu. 


pH. Optical C,=a— Cc, GauH, kf’, 10". 
density (1 cm). (complex). (conc. of free metal). (free poate 
methylurea). 


A ! 0.001678 0.013466 
7.10 0.056 0.000988 0.001457 0.013024 2.52 


7.20 0.071 0.001265 0.001180 0.012470 2.74 
, 7.30 0.085 0.001524 0.000921 0.011952 2.90 
7.40 0.102 0001837 0.000608 0.011326 3.73 


kf’ (average) = 2.88 x 10—-". 
Instability constant K = 5.5 x 10—"'. 


Fic. 3 
Formation curves of Cu & Ni guanylmethylurea chlorides. 


O. D. (2 cm cell) 


pH 
iL 4 


4 
A. Copper mono-guanylmethylurea (Cu*.. = 0.00496 M). 
B. Copper bis-guanylmethylurea (Cu?+ = 0.00248 M). 
C. Nickel bis-guanylmethylurea (Ni 2+ = 0.002445 M). 
Similar measurements with guanylurea and guanylethylurea gave the following results for the 
instability constants of their copper and nickel complexes. 


TABLE IV 
ky. ks. K. 
Copper guanylurea 8.00x 10—” 7.857 8.13x 7.76x 10~' 6.1% 107" 


4.97.10" “* 
1.55x 10°" 


Copper guanylethylurea 3.773x 107" 2.094x 10" 3,33 2.372x 10~* 
Nickel guanylethylurea 4.018 (kf’) 
Author's grateful thanks are due to Prof. P. Ray for his kind advice and interest in this work. 
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KOSTANECKI-ROBINSON ACYLATION OF 8-PROPIONYL- AND 
8-BUTYRYL"- UMBELLIFERONES 


By D. N. SHAH AND S. J. CONTRACTOR 


The o-hydroxyacylcoumarins, described earlier (this Journal, 1959, 36, 679) have been found useful as starting 
materials for the synthesis cf heterocyclic compounds like dicoumarins, chromonocoumarins and furanocoumarins. The 
Kostanecki-Robinson acylation of 7-hydroxy-8-propionyl- and-8-butyryl"-coumarins has been effected using (ji) acetic 
anhydride and sodium acetate, (ii) acetic anhydride and sodium rhenylacetate; and (iii) propionic anhydride and sodium 


Propionate. 


7-Hydroxy-8-propionylcoumarin (I : R=Me) on treatment with acetic anhydride in presence 
of fused sodium acetate gave a product, to which the structure, 4'-ethylcoumarino-5': 6'-(8: 7)-«- 
pyrone (Il: R=Me; R’=H) has been assigned as it develops no colour with ethanolic ferric 
chloride, and on treatment with sodium ethoxide it is recovered unchanged. 


(1) 
[R=Me, Et.; R’=H, MePh] 

The same coumarin (I: R=Me) on treatment with acetic anhydride in presence of fused 
sodium phenylacetate under the condition of the Kostanecki-Robinson reaction afforded a product 
which showed no ferric chloride colour test ; it was recovered unchanged on treatment with sodium 
ethoxide or alkali. Hence it has been assigned the structure, 4’-ethyl-3’-phenylcoumarino-5’ : 6’- 
(8 : 7) -x-pyrone (II : R=Me; R’=Ph). 


Further, the Kostanecki-Robinson acylation of (I: R= Me), using propionic anhydride and 
fused sodium propionate, furnished a product which on similar grounds has been assigned the 
structure, 4’-ethyl-3’-methylcoumarino-5’ : 6'- (8 : 7)-«-pyrone. 


7-Hydroxy-8-butyryl"coumarin (I : R=Et) was subjected to the Kostanecki-Robinson acyla- 
tion using acetic anhydride and fused sodium acetate. The product obtained has been assigned 
the structure, 4’-propylcoumarino-5’:6'-(8:7)-«-pyrone (II : R=Et; R’=H) as it remains unchanged 
on treatment with alkali and sodium ethoxide. 


The keto-coumarin (I : R=Et) on similar treatment with (i) sodium phenylacetate and acetic 
anhydride, and (ii) sodium propionate and propionic anhydride also afforded only one product in 
each case. These have been assigned the structure: 3’-phenyl-4’propylcoumarino-5':6'-(8 : 7)- 
-a-pyrone (II : R=Et ; R'=Ph) and 3’-methyl-4’-propylcoumarino-5’ : 6’ - (8: 7) -«-pyrone (II : 
R=Et ; R’=Me) respectively on grounds similar to above. 


CHR | 
Aa 
Co OC C—CH,R 
(R’--CH,—CO),0 b | 
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EXPERIMENTAL 
(i) 4'-Ethylcoumarino-5' : 6'-(8 : 7)-«-pyrone.—7-Hydroxy-8-propionylcoumarin (2.2 g., | M), 
acetic anhydride (10 c.c.) and fused sodium acetate (3 g.) were refluxed for 10 hours at 160-70° 
(CaCl,-guard tube). After cooling, the reaction mixture was treated with ice ; the solid separating 
was collected, washed with water, and crystallised from acetic acid in thin brown needles, m.p. 
276°, yield 0.95 g. (Found : C, 69.38; H, 4.15. C,gH,oO, requires C, 69.42 ; H, 4.16%). 


Action of Alkali.—To the above coumarnio-«-pyrone (0.5 g.), dissolved in ethanol, 5° NaOH 
solution (10 c.c.) was added, and the mixture refluxed for | hour on a water bath. The resulting 
solution was filtered hot, and cooled. On neutralising the filtrate with cold HCI a solid separated. 
It was collected, washed with water, and crystallised from acetic acid in needles, m.p. 276° (mixed 
m.p. with the original product remained undepressed). 

(ii) 4’-Ethyl-3'-phenyicoumarino-5': 6'-(8: 7)-«-pyrone was similarly prepared from 7-hydroxy- 
8-propionylcoumarin (2.2 g., | M) by refluxing it with acetic anhydride (10 c.c. ) in presence of 
fused sodium phenylacetate (3 g.) at 160-70° for 8 hours. The product, isolated as above, was 
crystallised from acetone in pale yellow needles, m.p. 275°, yield 1.0 g. (Found : C, 75.41 ; H, 
4.42. CooH,,O, requires C, 75.46 ; H, 4.43%). 

(iii) 4'-Ethyl-3'-methylcoumarino-5' : 6' (8 : 7)-«-pyrone— 7-Hydroxy-8-propionylcoumarin 
(2.2 g., | M) was similarly subjected to the Kostanecki-Robinson reaction by refluxing it with 
propionic anhydride (10 c.c.) and fused sodium propionate (4 g.) at 160-70° for 8 hours. The 
product, isolated as before, was crystallised from acetone in shining short yellow needles, m.p. 
230°, yield 0.9 g. (Found: C, 70.26; H, 4.71. C,sH,sO, requires C, 70.30; H, 4.72%). 


For sake of brevity, the products obtained from 7-hydroxy-8-butyryl"coumarin are shown 
in Table I. 


TABLE I 
Compounds. M.P. — Cryst. form and solvent. Formula. Found. Calc. 
4'-Propyl-CP* 240° Brown needles C,5H,.0, C: 70.25% 70.30% 
(acetic acid) H: 4.72 
4'-Propyl-3’-phenyl-CP 230° Yellow needles C.,H,,0,4 C: 75.80 75.89 
(acetone) H: 4.84 4.85 
4'-Propyl-3’-methyl-CP 212° Needles Cc 71.08 71.10 
(acetone) H: 5.21 5 


*CP denotes coumarino-5': 6'- (8 : 7)-a- pyrone. 


The work described in this paper was carried out in the Chemistry Department of M. G. 
Science Institute, Ahmedabad-9. The authors thank the Ahmedabad Education Society for 
facilities, and Dr. N. M. Shah for his interest and helpful suggestions during the course of the 
work. 
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CELLULOSE ION-EXCHANGE RESINS FOR PURIFICATION AND 
FRACTIONATION OF PROTEINS. PART III. FRACTIONATION 
OF CHICK HEMOGLOBIN ON CARBOXYMETHYL CELLULOSE 


By B. N. MISRA AND P. K. CHOUDHURY 


(CM)-cellulose, a cation exchanger has been successfully prepared from the indigenous sulphite pulp, and has been 
completely characterised. Chick hemoglobin has been resolved into two fractions by column chromatography with this 
cation exchanger. Rechromatography as well as electrophoresis of these two fractions confirms the existence of these 
two distinct fractiogs in chick hemoglobin. 


Although chromatography has been accepted as an important laboratory technique, its 
application to the separation of proteins seems not to have met with general success due to the 
inherent complexity of the protein molecule. Considerable progress has recently been made, 
however, in the field of ion-exchange chromatography, and some basic proteins (Tallan and Stein, 
J. Biol. Chem., 1953, 200, 507) of low molecular weight have been fractionated on Amberlite IRC- 
50. The chromatography of hemoglobin, a neutral protein of typical size, has been attempted by 
many workers on the same resin. Huisman ef al. (Arch. Biochem. Biophys., 1957, 72, 331) 
have reported the presence of two different hemoglobin fractions in sheep fetal hemoglobin by 
resolving the same on Amberlite IRC-50 column. Very recently separation of four kinds of 
human carbon monoxide hemoglobin with IRC-50 has been reported by Prins and Huisman 
(Nature, 1955, 175, 903). Boardman and Patridge (Biochem. J., 1955, 59, 543) were also able to 
separate sheep foetal and carboxyhemoglobin on the same resin. But none of these methods, 
however, could be generally utilised as a chromatographic technique for the separation of neutral 
proteins due to configurational changes in protein molecule that. might take place while using 
synthetic resins in column chromatography. Recent advances in the preparation and uses of 
cellulose-ion exchangers in the fractionation of proteins (Peterson et al., J. Amer. Chem. Soc., 
1956, 78, 756) and hormones (Guilleman et al., Biochem. Biophys. Acta, 1959, 31, 252) 
suggested their possible use in the fractionation of hemoglobin and other proteins, virus, etc. 
Saha (ibid., 1959, 32, 258) was able to resolve successfully chick and Mayna hemoglobin 
on (CM)-cellulose. But he did not attempt to develop a chromatographic technique on a 
preparative scale with (CM)-cellulose. We have, however, been able to prepare (CM)-cellulose 
from indigenous sulphite pulp and to develop a suitable chromatographic technique using our 
(CM)-cellulose as cation exchanger for the fractionation of hemoglobin ; the process can be later on 
extended to other proteins. 


In the present communication fractionation of chick hemoglobin into two components on 


(CM)-cellulose, substantiated by rechromatography and paper electrophoresis, has been presented. 


EXPERIMENTAL 
Chick hemoglobin was prepared from the whole blood of an adult chick by following the 
method of Huisman et al. (loc. cit.). The hemoglobin was dialysed against distilled water for 72 
hours, the water having been changed several times during the process. The dialysed sample 
was lyophilised in cold room (4°). Hemoglobin powder of brown colour was obtained and utilised 
in the subsequent experiments. 
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Preparation of (CM)-cellulose—Indigenous sulphite pulp was chosen as the source of cellulo- 
sic raw material. The preliminary analysis of the pulp (Table I) shows that it contains about 79% 
of the «-cellulose which is too small to be utilised for the preparation of resin. To obtain pure 
«-cellulose the pulp was given a pretreatment with 1% NaOH solution and the purified pulp was 
treated with 17.8% NaOH at 20° by the standard method. (CM)-cellulose was then prepared 
from the «cellulose, thus obtained, by the method of Sober and Peterson (J. Amer Chem. Soc., 
1956, 78, 751), The ion-exchange capacity of the resin was determined by the direct acid wash 
method of Eyler et al. (Ind. Eng. Chem., Anal. Ed., 1947, 19, 24). The resins having the ion- 
exchange capacities ranging between 0.2 and 0.3 m.e/g. were found to be suitable for our purpose 
as those with higher ion-exchange capacities showed a tendency to gel. 


Column Chromatography.—A column of suitable dimension was prepared by the wet method 
according to the technique of Moore and Stein (J. Biol. Chem., 1948, 176, 337). Pure (CM)-cellu- 
lose resin (5 g.) was moistened with a little absolute ethanol and then suspended in 6.005 M sodium 
phosphate buffer (100 c.c.) of pH 6.8. This was the lowest concentration of the buffers employed 
during the subsequent elution procedure. The equilibration was carried out by allowing the 
slurry to settle for sometime and the supernatant liquid was replaced by a fresh quantity of buffer. 
This process was repeated till the pH of the supernatant fell to within | or 2 units of the pH of the 
buffer. The resin was then suspended in twice its volume, and the resulting slurry was poured 
in the chromatographic tube in small portions. Each portion was allowed to settle under gravity. 
Towards the end a uniform pressure was applied with the help of a glass rod flattened at the end. 
The chromatographic tube used had an internal diameter of 1.0 cm and the length of the column 
prepared was 20 cm. The resin in the column was supported by putting some glass wool at the 
bottom of the column. 


A separating funnel containing developing buffer was connected to the chromatographic tube 
and the buffer was passed through the resin column at a flow rate of 60 c.c./hr. for 24 hrs. until 
the pH of the effluent was identical with that of the inflowing buffer. For the separation of the 
hemoglobins it was found useful to carry out the equilibration at the cold room (4°). 


Having been satisfied that a good separation of an artificial mixture of albumin (coloured blue 
by bromophenol blue) and hemoglobin had been attained on an identical column, the fractionation 
of chick hemoglobin was attempted. After the excess buffer accumulated during equilibration 
had drained into the column, a 1.7% solution of pure chick hemoglobin in sodium phosphate 
buffer of 0.005 M and of pH 6.8 was added by a micropipette. The protein solution was allowed 
to drain into the resin, and walls of the tube were washed with a little developing buffer. A deep 
red zone was formed at the top of the column. Gradient elution was then carried out with sodium 
phosphate buffer of 0.005 M, 0.01 M, 0.05 M, 0.1 M, and 0.2 M concentrations at pH 6.8, and — 
the effluents were collected with the help of an automatic fraction collector at every 5 minutes. 
The rate of flow of the buffer was | c.c./min. On elution a distinct red band was found to move 
down the column while rest of the material remained at the top of the column. After the first 
band had been completely eluted away, the elution was continued with the same buffer till several 
tubes containing colorless effluents were collected. Elution was then carried out with the buffer 
of higher concentrations, but no other band was found to move down the column till the concen- 
tration of the buffer was raised to 0.1 M, when a reddish band was found to move down the column. 
A small quantity of the material still remained distributed over a few cm down the column. 
This could not, however, be eluted away even by employing the buffer of 0.2 M concentration. 


Spectrophotometric Measurement of the Effluent—The optical densities of the effluents were 
measured at 280 my in a Beckman spectrophotometer (D U model). It is apparent from the 
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spectrophotometric curve (Fig. |) that two relatively major peaks (A & C) appear quite apart from 
each other, and this suggests that the chick hemoglobin has been fractionated into two components. 


Fic. | 


Cone. of solution: 1.7%. 
Sodium phosphate buffer: 0.005(M.) 
pH: 6.8. 


° at 
80 240 300 


Effluent vol. (in c.c.) 


Rechromatography.—The two major fractions (having high values of O. D.) corresponding to 
buffer of 0.005M and 0.1M were dialysed against distilled water, and concentrated sufficiently by 
lyophilisation in cold room. The two fractions were then subjected to rechromatography separate- 
ly on the same resin, and the same technique of elution was followed as was done in the case 
of pure hemoglobin. Each fraction during its passage through the column was found to move 
as a single band down the column and showed no further resolution. This phenomenon supports 
the view that fractions obtained after passage through the column were not due to any defects in 
the column but were distinct components. (Rechromatography of peak B was omitted as the 
optical density was much lower compared to the other two peaks and the colour of the solution 
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was very faintly reddish, Nevertheless, an attempt was made to lyophilise the solution [peak B], 
but no solid powder could be obtained. Hence this has been ignored.) 


Electrophoretic Studies of Pure Chick Hemoglobin and the Chromatographic Fractions. —Pure chick 
hemoglobin and its chromatographic fractions were subjected separately to paper electrophoresis. 
| o4r A concentrated solution of each sample in veronal 
i Fic. 2 buffer (pH 8.6, ionic strength 0.05) was made 
and paper electrophoretic run of each solution was 


e 02+ given in a LKB type apparatus by following the 
standard method (McDonald, “Ionography”, 
a ° p. 34, Year Book, Chicago, 1959). Since hemo- 
. 0 n L globin is a coloured protein, it could be scan- 


ned directly. The dried paper electrophorograms 
0.47 containing hemoglobin spots were evaluated by 
direct scanning with the help of a photovolt 
densitometer (Transmission type, Model 5235). 
0.2F The curves were then drawn by plotting the 
densities against migration distance in mm. 
While the electrophoretic pattern of pure chick 
° 0 7 7) hemoglobin showed two peaks, the electrophoretic 
aren (6) pattern of the individual chromatographic fraction 
: showed single peak in each case (Fig. 2). 


OPTICAL DENSITY 


(a) Pure hemoglobin. 
(6) Chromatographic fraction A. 
(c) Chromatographic fraction C. 
Buffer : veronal. 
0 lonic strength : 0.05. 
Potential difference : 220 volts. 
Time : 16 hours. 


TABLE | 


Analysis of the sulphite pulp. 
(Mean of three sets of values). 
Moisture content 322% B-Cellulose 
Ash content y-Cellulose 


.. 78.89 Ethanol-benzene extractable 


DISCUSSION 


During the elution it was observed that a portion of the hemoglobin remained distributed 
down the column. This material could not be eluted away even by use of the strongest buffer 
(0.2M sodium phosphate). This can be attributed to the phenomenon of tailing or to presence 
of a third component, which could not be identified. But this was in no way connected with the 
denaturation of proteins as the whole experiment was conducted in a cold room (4°). The two 
fractions obtained after passage of chick hemoglobin through (CM)-cellulose column as well as 
rechromatography of the individual fractions provide sufficient evidence that the chick hemoglobin 
consists of two components. This has been further confirmed by the spectrophotometric and 
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electrophoretic studies. Thus, it is observed that (CM)-cellulose has proved to be an excellent 
and cheap adsorbent for the fractionation of chick hemoglobin. 


The authors are indebted to the workers of the Biochemical Laboratory (Dept. of Applied 
Chemistry) for their unstinted co-operation during the progress of the work, to Messrs. Indian Paper 
Pulp for the supply of bleached paper pulp, and to C.S.I.R., New ae, for the award of a re- 
search grant to one of them (B.N.M.). 


Appuiep Cuemistry Depr., 
University or Science & TECHNOLOGY, 
CaLcuTTa. 
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isOQUINOLINE DERIVATIVES. PART VII 
By T. N. GHOSH, BINAY KUMAR GHOSH AND BHABATOSH BHATTACHARYA 


The conversion of the amide (I) into the fully aromatised isoquinoline (Il) under the influence of P,Og in boiling 
xylene involves decarbonylation. The possible mechanism of the reaction has been discussed. 

In Part V (this Journal, 1959, 36, 425) it has been recorded that ethyl «-methyl-«-acylamido- 
8-phenylpropionate (I: R, = Me), when subjected to the Bischler-Napieralski cyclisation with 
phosphorus pentoxide in boiling xylene, yields |-alkyl - or 1-aryl-3-methylisoquinoline (II: R, = 
Me). Subsequent observations (Part VI, ibid., 1960, 37, 111) point to the generality of this reac- 
tion, as exemplified by the different groups for R, and R, that have been studied. That this 
reaction involves elimination of carbon monoxide has also been recorded. In order to make a 
quantitative assessment of such elimination, some typical cases have now been accordingly studied. 
Based on the amount of amide (I) taken, it is found (Table I) that although the relative isoquino- 
line (II) is obtained comparatively in low yield, carbon monoxide is almost quantitatively eli- 


| “CO,Et R, = Ph; R, = Me. 


R, = Me; R, = Et. 


Compound (I). 


As ethyl formate on treatment with phosphorus pentoxide in boiling xylene is found to eli- 
minate carbon monoxide, question may be raised whether in the conversion of (I) into (II) ethyl 
formate is being eliminated, which under the experimental condition is spontaneously decomposed 
to carbon monoxide. Such a mechanism would involve intramolecular | : 2-elimination reaction 
in carboxylic esters, which in literature is found to take place under pyrolytic conditions (Hurd 
and Blunck, J. Amer. Chem. Soc., 1938, 60, 2419 ; Alexander and Mudrak, ibid., 1950, 72, 1819, 
3194; 1951, 73, 59; Barton and Rosenfelder, J. Chem. Soc., 1949, 2459). No evidence, however, 
could be obtained about such pyrolysis in the present case. For example, the amide 
(I: Ry = Re= Me) or | : 3-dimethyl-3-ethoxycarbonyl-3 : 4-dihydroisoquinoline (Ghosh et al., this 
Journal, 1958, 35, 758) is found to remain unchanged in boiling xylene or even in boiling diphenyl 


minated. 
R, 
> CO R, 
¥ L R, = Me; R, = Pr. 

(II) 
(I) 
TABLE I 
CO obtained Compound (I!) obtained 
(on theory). (on theory). 
Ri. 
Me Me 88.33% 79.32% 
Me Et 85.33 80.00 ; 
Me Pr 87.46 56.14 
; Ph Me 91.14 62.13 
CH,Ph Me 90.00 83.62 
a 
g 


oxide. The present reaction, however, bears some analogy to the conversion of a tertiary acid, like 
aa-diphenylpropionic acid, into |: |-diphenylethylene with the elimination of carbon monoxide 
and water, when the former is heated with sulphuric acid (Bistrzycki and Reintke, Ber., 1905, 38, 
839; cf. Welch and Smith, J. Amer. Chem. Soc., 1953, 75, 1412). Rothstein and Saville 
(J. Chem. Soc., 1949, 1961) consider that the prerequisite for the elimination of carbon monoxide in 
tertiary acids is the electron-releasing power of the group to which it is attached, that is the stabi- 
lity of the.ion, CRs-C*O. It so happens that when R is alkyl, the decomposition of the ion is 
comparatively rapid. On this basis, the elimination of carbon monoxide from the tertiary acid 
derivative (I) can be understood, and a parallel mechanism can be envisaged for the present reac- 
tion, decarbonylation being initiated by electron release from the alkyl group attached to the 
a-carbon atom. It may be considered that phosphorus pentoxide acts as a Lewis acid and forms a 
complex with the ester, the (ether) oxygen of the ester transferring part of its lone pair to phos- 
phorus, as a result of which the bond between (ether) oxygen and (carbonyl) carbon is weakened, 
and dissociation giving rise to a carbonium ion is possible. Reference is made to the formation 
of carbonium ion in the reaction of aromatic esters with aluminium chloride (Luder and Zuffanti, 
Chem. Rev., 1944, 34, 345). 


The carbonium ion then undergoes an elimination process with the elimination of a proton 
and carbon monoxide to afford a vinylamide, which spontaneously undergoes cyclodehydration 
under the experimental conditions to furnish (II). The complex with P,O, may act as a proton 


acceptor. 
H R O R, 
I + 
H NH — CO—R, NH —CO—R, 


(II) 


EXPERIMENTAL 
The general procedure followed for the estimation of carbon monoxide is recorded below : 


Compound (I, 8 g.) was mixed with P,O, (32 g.) and xylene (160 c.c.) in a flask fitted with 
an upright condenser and a CaCl,-guard tube. The guard tube, in its turn, was fitted to a system 
whereby the evolving gas could be collected in an aspirator bottle by displacement of water. The 
gases were forced into the aspirator under slightly reduced pressure. The system as a whole was 


+38} 
P,O;—8 
R, O 
d - 
Ph— Ci —C— [ | 
R, — CO— NH 
| 
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checked as air-tight. The flask was heated in an oil bath so that xylene refluxed smoothly and the 
operation was continued for 6 hours. The reaction mixture was cooled and treated with crushed 
ice. The base was isolated according to the procedure described in Parts V and VI (loc. cit.). 


The gases collected in the aspirator were analysed in a standard Orsat apparatus. Carbon 
dioxide was absorbed in 33% solution of KOH. The trapped oxygen of the system was then 
absorbed in potassium pyrogallate solution (10 g. of pyrogallol in 200 c.c. of 50% aqueous KOH 
solution). Carbon monoxide was absorbed in ammoniacal cuprous chloride solution (23 g. cup- 
rous chloride, 86 c.c. liquor ammonia and 100 c.c. water). 

The pressure and temperature of the collected gases were determined accurately and the 
amount of carbon monoxide obtained was calculated at N. T. P. after taking into consideration 
the aqueous tension. 

The authors are indebted to Dr. U. P. Basu, Director of the Institute, for his kind interest 
in this investigation. They are also thankful to the Council of Scientific & Industrial Research. 
Government of India, for the award of a Junior Research Fellowship (to B. K. G.) and a mainte- 


nance grant. 


BencaL Immunity Researcu INstITUTE, 
Catcutta-16. Received April 18, 1960. 
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OBITUARY 
K. B. SEN 


Born: 1889. Died: Dec. 22, 1958. 


On the 22nd December, 1958, Mr. K. B. Sen, formerly Head of the Research Department. 
Bird & Co., died in Calcutta, on his return from Dehradun after attending a meeting of the Tech- 
nical Sub-Committee of the Indian Paper Industries. 


“K.B.”, as he was known to his many friends, had a long and distinguished academic and pro- 
fessional career. He took his M.Sc. degree at the Calcutta University (Dacca College). He specia- 
lised in Dyestuff Chemistry under the inspiring guidance of the late Dr. E. R. Watson in colla- 
boration with whom he took out a British Patent for dyes, and published several papers on vegetable 
dyes and on analytical methods. For sometime he worked as a Lecturer in Government Colleges 
and also as a Chemist in the Bengal Agricultural Department. 


He joined Bird & Co., Research Department, in January 1919, the staff of which then 
comprised Dr. Jowett, Head of the Department, Mr. Grummitt, Major Marr, Mr. Day 
and Mr. (later, Dr.) Spencer. Dr. Jowett and the next three of this team were geologists. 
Mr. Spencer was a Geologist and Metallurgist. K.B. Sen may therefore be said to have been the 
first Chemist of the firm by training and specialisation. 

One of his early assignments was the study of the coal of the Karanpura coalfield in Biha -, 
He carried out many analyses of seams, lived in the “then” remote South Karanpura field an d, 
with Spencer and Marr, made valuable coking trials on certain coals of the more import int 
seams, both alone, and also blended with the known coking coals of the Jharia and Ranig anj 
fields. These trials were made after constructing a pilot coke oven in 1922. Some of the r sore 
important findings of these tests have recently been confirmed by research work at the Ce ntral 
Fuel Research Institute, Dhanbad. This early work in Karanpura no doubt influence | his 
later inclination towards the study of coal and its utilisation, a subject which was perhay s his 
chief interest up to the time of his death. 


Around this time, he also went to Bara Jamda in Keonjhar State to initiate analysis 
of manganese and iron ores. 


During these early days, he also devoted much time to the Paper Mills and Ref ractories, 
owned by his firm, helping to develop the processing of bamboo for paper making, w hich was 
then in its infancy, and advising on numerous works trials and experiments in conne :tion with 
steel works and other refractories. 


He was elected a Fellow of the Indian Chemical Society in 1928 and served the ‘Society as a 
Member of the Council during 1941-43. He also served on the Board of Editorial Co rrespondents 
of the Industrial & News Edition of the Journal of the Indian Chemical Society, pu! slished under 
the joint auspices of the Indian Chemical Society, and the Institution of Chemists ('{ndia). 

In 1927, he joined the Institution of Chemists (India) as a foundation membre x and became 
in due course a Member of the Council and President (1941-42). He was made a Fellow and Life 


Member of the Institution to which he gave great assistance in formulating the ¢ :xaminations for 
the Associateship and in many other ways. 


In 1955, he delivered the H. K. Sen Memorial Lecture on the subject of o al. He was also 
a Fellow of the Royal Institute of Chemistry of Great Brtain & Ireland and org: inised the Eastern 
India Section, of which he was the Secretary until his death. He was a founder member of the 


| 
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Indian Institute of Chemical Engineering. His interests in coal and ceramics were recognised by 
membership of the Working Committee of the Central Fuel Research Institute and the Planning 
Committee of the Central Glass and Ceramic Research Institute. He also served on numerous 
other committees as, for example, the Indian Standards Institution, the Jute Research Committee 
and the Indian Association for the Cultivation of Science. 

He retired as Head of the Research Department in 1948, but continued to devote his energies 
to investigations in coal technology and utilisation. He gave much assistance and advice to many 
Technical Societies and Institutions throughout the country. 


Generous and kindly to a degree, he helped all who genuinely came to him for assistance. 
He avoided publicity wherever possible. He took infinite pains to guide younger students and 
workers in science. Those who knew him personally outside the office or had worked with him 
within its walls or in the field, remember him as a wise counsellor and an enthusiastic worker with 
a quick and receptive mind. He had an excellent sense of humour and was not afraid of criti- 
cism, yet would always hesitate to put forward views when he felt that they might be considered 
unkind by others. 

By his death many have lost a helpful guide and a good friend. His life encompassed a 
wealth of scientific experience ; we may be grateful that he had the energy and keenness of mind 

, to make full use of these opportunities. 


P. J.C. 
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HISTORY OF CHEMISTRY IN ANCIENT & MEDIEVAL INDIA 


Incorporating 
HISTORY OF HINDU CHEMISTRY 
by Acharya Prafulla Chandra Ray 
Edited by Prof. P. Ray 


Royal 8vo. Rexin bound, 494 pages with 39 illustrations. 
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PUBLISHED BY THE INDIAN CHEMICAL SOCIETY 
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Some Opinions : 

Nature, January 5, 1957. 

“* Since there is much new material in the book, all those who are fortunate enough to have the earlier 
edition will wish to have the new one. 


All those interested in the History of Chemistry owe a debt of gratitude to Prof. P. Ray and the Indian 

Chemical Society for its publication ". 
J. R. Partington. 

Journal of Chemical Education, February, 1957 : 

cag pee Professor Ray, in his carefully constructed revision of Prafulla Chandra Ray's standard ‘History 
of Hindu Chemistry’ has given us a highly informative and interesting description of Indian Chemistry. In 
chronological order, the contributions of Indians to chemistry have been recorded from the Harappa period of 
the fourth millennium B.C. to the end of Mogul culture.......... Many of the ideas described make delightful 
reading for the average chemist with a historical bent........ chemists and historians of chemistry will find in 
this book a valuable assessment of ancient Indian chemistry and culture”’. 


ISIS-Vol. 49, p. 362, Sept., 1958. 

Snticcioteed this new book is very valuable both as a re-edition of an out-of-print classic collection of 
‘Sieteaiael data and as a presentation of much well illustrated documentation of Indian achievements in the 
practical arts in the field of chemistry, according to the archeological findings "’. 


J. Filliozat. | 
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